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FOREWORD 


S RECENTLY as a generation ago American business men all too 
often were forced to make critical operating decisions on the 
basis of meager, insufficient data. The manager of today, in contrast, 
‘has access—inside and outside the company—to a vast storehouse of 
facts and fiyures, Indeed, he is confronted with a veritable mass of in- 
formation. . 
This being the case, the present-day company executive is clearly 
in a far better position than his predecessors to attack problems in a 
- systematic, scientific way. But at the same time the job of management 
has become more complex. It is no longer: possible to depend on 
guesswork, hunch, or intuition; instead, success as an executive now 
demands a capacity for isolating from the available mass of data 
those comparatively few facts that constitute the heart of a problem. 
And today’s great industrial empires and narrowing world mean that, 
inevitably, more depends on each top-level decision: more money, 
more time and effort, the well-being of more people. Thus, sound 
business judgment—by which we mean analytical ability well tem- 
. pered by the necessary experience—is more important now than ever 
before. : 
Sound judgment, moreover, is difficult and costly to acquire. Most 
. executives learn it on the job, but this is a process that is uncertain at 
‘best. If a man begins his business career as a specialist—for example, 
in marketing, in finance, or in research—-he may never, in the early 
years, have a chance to weigh decisions from the standpoint of their 
effect on the organization as a whole. It is too often true that only the 
president is able to sense the interrelationships of individual functions: 
and the place of the company in its industry and in the economic life 
of the country. And, as an ex-specialist himself, even the president 
_ frequently has difficulty in making the “vital shift” to the over-all point 
of view that conditions nowadays require of him. 
We may say that a man skilled and experienced at making decisions 
in his own special field should be able to. apply his accustomed tech- 
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niques to other, Jess familiar areas. This may be so—at least to a de- 
gree, But how are we to train such a man in the first place and simul- 
taneously imbue him with the broad vision that will fit him for decision 
making at higher and higher levels of responsibility? There are many 
methods—committee membership, “assistant to” and understudy po- 
‘sitions, job rotation, lectures, management seminars and workshops— 
which are useful in gaining an intellectual grasp of the factors in- 
' volved, but these seldom can provide personal experience in selecting, 
analyzing, and applying the elements that enter into a management 
decision. The dilemma is this: Decision making at top levels must be 
experienced to be truly understood, yet it is extremely difficult to simu- 


~~ late for training purposes. 


AMA’s top management game takes an original approach to this 
problem, Utilizing the electronic computer and the new techniques of 
problem solving that have developed so amazingly since World War II, 

_it is designed expressly to provide conditions under which a few 
hours of concentrated decision making—under. pressure—will equal 
years of actual experience. In the course of play, teams of executives 
make: the basic decisions encountered in day-to-day operations, com- 
peting directly with one another and—so to speak—practicing their 
swings in pre-tournament play. (The similarity to the war games con- 
-ducted by the. Armed Forces—to cite another analogy-—will be readily 
apparent.) 

‘There is, let us repeat, no substitute for sound business judgment, 
The AMA game is not a panacea, not a mechanical means of making 
the right decision at all times. It is in the area of executive training and 
development that it makes its contribution—and a very real one. In 

' . fact, participants feel that the game may mark as great a step forward, 

in its field, as the Wright brothers’ pioneer efforts in the world of 
transportation. Five years from now it may seem as primitive as that 
first plane in its faltering flight over the dunes at Kitty Hawk; today, 
certainly, it is unique. 

, — LAWRENCE A’ APPLEY 

President 
American Management A ssociation 
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Introduction 


ET US begin with the truism that the function of the executive is to 
make decisions. These decisions are based upon knowledge gained 
from experience and training, which are combined in a judicious way to 
determine. the various alternatives and examine their probable conse- 
quences, The final decision which initiates a course of action is made on 
the basis of an over-all objective in terms of which each alternative has 
been evaluated. 
The question arises—more or less .humorously—as to why the execu- 


_tive cannot be replaced by a machine. The executive has limited knowl- 


edge, a limited memory, and a limited ability to examine the consequences 
of decisions; therefore, he makes mistakes. An electronic brain contains a 
library of accumulated knowledge, a vast memory, and the ability to 
perform calculations of all types at lightning speed. Furthermore, it prac- 
tically never makes mistakes—and, when it does, usually admits it. 

The fact remains, however, that the executive occupies a fundamental 
position which can never be usurped by computing machines even where 
aided and abetted by mathematics, engineering, operations research, or. 
any other specialized brands of knowledge. Rather, these marvels of modern 
ingenuity must assume met essential role as guides to decision making: 


EXPERT KNOWLEDGE NOT ENOUGH 

In the past, executives all too often had the responsibility of choosing 
major courses of action—or strategies—together with the arduous task 
of following through on the details—or tactics, to borrow military par- 
lance. Not only did they map out the highways and byways, but they steered 
the car and sometimes put on the skid chains. 

In more recent times, the concept of organization has penetrated all 
phases of activity as.one of the manifestations of. the scientific method. 
This is as true of the business as of the military world. In both spheres, it 
has become increasingly the fashion for the top man to delegate tactical 
decision making to subordinates, not so much to relieve him of respon- 
sibility in this area as to give him more time to concentrate on the prime 
task—that is, the planning of strategies—for which he has been trained. 
Yet expert knowledge alone does not quality a subordinate to make tactical 
decisions. 

To illustrate this point, let us consider a frivolous example—the gambling 


rooms of Las Vegas. Hunch players there may determine their betting 


policy by means of the faro dealer’s hair or the number of their hotel suite. 
And, as long as they stick to small bets, their system will not hurt them 
appreciably. If they wager substantial sums, they may in fact cut quite a 
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The importance, to the top executive, of training and practice in decision making .is 
self-evident: He can call upon advertising men, production men, and many others 
for their best tactical information, but only he is in a position to make final decisions 


based upon over-all aims. Here, ‘during a test play of the top management game . 


developed by. AMA, “company” teams practice decision making under conditions 
simulating real life. : ; 
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spectacular swath—until they die of starvation. Those who, in contrast, 
pursue a rational betting policy will turn for help to the professional 
gambler, who can readily furnish the odds for roulette or the crap table, 
directions for almost optimal play at blackjack, and useful hints for poker. 

But, to utilize this array of facts efficiently, they must have some addi- 
tional information. They must decide whether they wish to risk $1,000 
to win $1,000, $1,000 to win $50, or $50 to win $50. The gambler will 
then recommend certain games and certain betting systems. He cannot 
say which objective is best; this decision depends upon factors which the 
players themselves must evaluate. a 

The situation is the same in the business world. The executive can call 
upon advertising men, production men, marketing men, and many others 
for their best tactical information. Only he, however, is in a position to 
make final decisions based upon over-all aims. . E 


A GREATER OPPORTUNITY 

Our objective, then, is to provide the executive with the optimal tactical 
tools required for strategic decisions. To further this aim, we take advan- 
tage of a revolution in science that has resulted from the invention of a 
device which is as far-reaching in its implications for the present-day world 
as was the wheel for more primitive civilizations. 

This device is the digital computer. With its aid, problems formerly , 
thought: by scientists to be as far removed from. serious consideration as 
_ the stars are from our solar system have now become entirely accessible. 

Some in the business field that previously defied even contemplation— 
involving complex scheduling of activities and the allocation of resources— 
have acquired routine solutions. és 

With the computer at his disposal like a giant slide rule, the scientist 
of today thinks in terms completely different from those familiar to his 
predecessors of 20 years ago. Literally hundreds of fruitful applications 
have been found for the new machine. Upon. its use depends the success 

_of new mathematical techniques that have been developed. 

All this means that the modern executive has a greater opportunity than 
ever before to perform his major role of shaping over-all company policy. 
He can utilize his ability and training to greater advantage because he has 
more accurate information and more of it—more, indeed, than can be used 
accurately to assess the consequences of various decisions. . 


THE HUMAN FACTOR—“IRRATIONAL” OR NOT : 
What we have said here is true: Intelligence is of no avail in a complete 
vacuum of information; and the greater the quantity of information avail- 
able, the greater the opportunity for the man of ability to analyze these 
data and the greater the advantage that he possesses over his competitors. 
Yet, like so much that is true, this is not the whole truth. The giant 
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. computing machines have brought us only a giant. step forward. That we 
have not altogether reached our goal is, of course, the fault of the. com- 


. plications introduced into decision processes by the human factor and the . 


difficulties that these complications in turn 1 introduce into the new Eden 
of mathematics. 

_ Since the conduct of the business ward is determined Ss the Gehinvlee 
of human beings, it follows that.a great part of this world must be strongly 
influenced by psychological factors of great complexity and subtlety. These 
factors operate in a variety of ways—with a variety of effects which are 
so little understood at the present time that we retaliate by calling them 
“irrational.” It is quite possible, and even plausible, that many of these 
actions and reactions may never be sufficiently understood to be reduced 
to completely quantitative terms or even sufficiently tamed to be under- 


stood qualitatively. Moreover, since the human mind appears to possess. 


a certain predilection for yes or no, black or white answers, there is a great 


compulsion——which itself is irrational—for the scientist, spoiled by the — 


. inanimate nature of the physical world, to recoil in almost superstitious 
horror from situations in which irrational elements are present, 

But human irrationality, disturbing though it may be, does not block 
a scientific approach to the decision-making process. Nor, simply because 
some factors that influence decision making appear at the present time to 
be beyond the quantitative and qualitative grasp that we like to have on 
problems, can we justifiably ueglect the study of other, equally important 
factors which can be treated with various degrees of precision. 
Since the business world encompasses. one of the vital areas of our 
~ existence, and one which influences strongly all its other aspects, we cannot 
abdicate our responsibility as intelligent beings to utilize the best technical 
apparatus at our command to deal with the business man’s problems. If 
we cannot solve many of them in their entirety, we can solve them in part 

If the. battle is hard, the victory is sweeter. 
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; Background and Theory 


Top Management Problems 
| And Their Solution 
By Mathematical Techniques 


» ATHER than deal abstractly with the difficulties of decision making, 
let us use as a backdrop for our discussion the case of a company 
engaged in the production and sale of a single item, in competition with a_ 
number of other firms manufacturing the same item for the same market. 
What are.some of the decisions that the president of this firm must make in 
the course of his duties? — 

Two basic decisions are those governing the price of the item and: the 
quantity to be produced. These, in turn, are dependent upon, and influenced 
by, the amount of money spent on marketing in the form of advertising, 
packaging, customer service, and the like and upon a multitude of. activities 


_ which we may term “research and development.” Once price and quantity 


have been decided upon, there are questions of distribution, inventory level, 
and the use of the sales force to sell the product, plus a number of other 
problems both external and internal. Essentially, however, the day-to-day 
problems—those that arise continually—concern the scheduling of activi- 
ties and the allocation of company resources. 

Furthermore, these problems arise not only in connection with the 
operation of the firm but also, in a parallel fashion, in. connection with the 
executive’s own performance. He must decide which decisions to reserve 
for himself; which ones to delegate, wholly or in part, to subordinates. 
And he must decide how important each decision is in order to determine 
how much of his time he can spend on it to the exclusion of some other 
activity. 


PINPOINTING THE DIFFICULTIES 


Why are these problems “problems”? Why is there any difficulty attached 
to making decisions in these areas? Take an executive who has had many 
years of experience in his field; with constant practice in the art of decision 
making; who is in many cases a graduate of a distinguished school of busi- 
ness administration; who has kept up with modern advances through semi- 
nars and lectures; who is surrounded by a staff of experts in marketing, 
production, operations research, industrial engineering, and motivational 
research, all buttressed by giant computing machines. Why is it that he finds 
it hard to decide major policies? - 
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It is true that in a number of areas of human activity—for example, the 
immunization procedures of modern medicine—we can cure without under- - 
standing. Usually, however, we must analyze and understand if we wish 
to improve our performance. Let us therefore attempt to pinpoint the true 
sources of difficulty underlying such innocuous phrases as “allocation of 
resources,” “scheduling of activities,” and “efficient management.” 

The situation can to a great extent be summed up in the following five 
interconnected questions which the company executive must ask himself: 

1. What am I trying to do? , 

2. How effectively am I doing it? 

- 3, How do I know if I am doing it or not? 

4. How often must I do it? 

5. What is the other fellow doing? 


1. WHAT AM 1 TRYING TO DO? 

That the company—or the individual executive—wants first of all to 
operate in the most efficient manner we accept without question. However, 
to remove this statement from the category of platitudes, we must define 
what we mean by “efficiency.”. 

Depending upon the person who is asked, and often upon his position 
in the firm, we can obtain definitions of efficiency in terms of dividends, 
in terms of profit over the coming year or the coming five years, in terms 
of unit cost of production or share of market, and in terms of a number of , 
other quantities and concepts as well. It cannot be disputed that all these 
are important and sometimes vital factors in efficiency, but it is also clear 
that no one of them can be used by itself as the measure of efficient opera- 
tion—for organizations which have been run with single-minded devotion 
to one or the other of these ideals have floundered and sometimes foun- 
dered. a 

- What we must realize is that in most situations the executive must con- 
sider a number of factors, some in direct or partial opposition, in making 
his decision. Increasing the advertising budget decreases dividends initially, 
but may result in greatly increased sales; increasing the attractiveness of an 
item increases unit cost of production but may greatly increase sales, an 
expensive computer may appear to ‘decrease unit cost of production, but 
actually increases total cost by way of salaries. for the personnel needed to 
man the machine..And so on. ee 
Then, in addition to the fact that he has a large number of factors to 
_ consider, many of them heading in different directions, the executive faces 
the further difficulty that there exists no formula for evaluating the total 
effect of these different components, no magic formula which takes product’ 
price, the advertising budget, the sales force, the market forecast, and a 
dozen other factors and comes out with a simple profit or loss statement. 
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Top management, in brief, needs some rules of thumb foe assessing the | 


: comparative value of different types of activities. | 


2. HOW EFFECTIVELY AM J DOING IT? 
Let us assume for the moment that our executive has subdued the prob- 


‘lem of deciding upon a single goal which will enable his company to func- | 
tion with maximum efficiency. He is, in fact, firmly convinced that increas- _ 
' ing the firm’s share of the market by means of price cutting, combined 


with a decrease in unit cost of production, is a policy which will prove 
beneficial. 

To begin with, we , suspect that as we cut price the attractiveness of our 
product to the consumer will increase. We don’t, however, know the precise 
relationship between a decrease in price and an increase in the market. Do - 


‘we have to cut the price 10 per cent to get a 10 per cent increase in the 


share of the market, or will 5 per cent suffice? Furthermore, we must 


- remember that a decrease which may be satisfactory in Cleveland may 


have little effect i in New York or nee because of local discount prac-: 
tices. | 

So far as decreasing unit cost of pacduction 4 is concerned, we ‘may think 
in terms of-either equipment or procedures. For example, an operations 
research team surveying the plant and its operations may decide upon a 
system of scheduling which would seem to require fewer men--given new 
procedures and some expensive new machines. But the union may not like 


.the idea of fewer men; the new equipment, by requiring new techniques, 


may result in. lower production; and a general resistance to innovations on 
the part of lower-echelon executives may cause an increase in unit cost as 
a result of this careful planning. 

Tn practice, naturally, the effect of introducing new equipment and new 
techniques is taken into account by any operations research or industrial 


_ engineering group insofar as this can be done through learning and per- 
- formance curves. There is, however, no precise way of measuring what we 


call “resistance to.change,” a quality which varies from individual to indi- 
vidual. To some, the very idea of ‘change i is appealing; to others, it is re- 
pugnant. 

In other words, we face the fact that in dealing with human beings 
“action” and “reaction” are difficult terms to define and measure, and that 


‘difficulty is inevitably rejected in the effectiveness with which the company 


pursues its goal. 


3. HOW DO 1 KNOW IF I AM DOING IT?. 

, We have spoken thus far as though our only problem were one of deter- 
mining cause and effect—allowing, as best we can, for the uncertainty of 
the human factor. For example, we have implied that all management had 
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to do, in seeking to increase the attractiveness of its product through price . 


- cutting, was to determine the relationship between a cut in price and an 


increase in consumer demand. But, it may very well be that there is no 
precise relationship. 7 3 = 

A man who is attracted to a TV set, or an automobile, because of a 
slash in price may come home and find. that his boy has broken his arm and 
needs extensive orthopedic attention. That eliminates the TV set or the 
automobile. ar oa 

. Each potential consumer, ‘in short, is constantly subject to a large num- 

ber of influences, some predictable in ‘advance, some apparently random. 
The result is that a price cut which ordinarily would be quite effective may 
fall flat, or a change in production techniques that appears sound may be- 
nullified by personal friction between the foremen of two sections. _ 

Problems of this type give rise to such aphorisms as “assume that every- 
thing is always against. you” and “the ‘perversity of inanimate objects.” 
Thus, to the uncertain human factor must be added the chance event that 
cannot be foreseen by the top executive who wonders whether he is making 
the right decision. 


ee 


4. HOW OFTEN MUST I DO IT? Oot 
A classic fable concerns the struggle between Hercules and Antaeus, the 


son of Gaea, Mother Earth. Every time Hercules threw Antaeus to the 


ground, he sprang up stronger than ever, Finally, Hercules strangled him 
by holding him above the ground. When he fought the Hydra, too, Hercules 
faced a similar problem: As soon as one head was cut off, it was replaced 
by two heads. 3 —s 

The situation in decision making is to some extent analogous. It would 
be satisfying if one could make a decision in a particular matter and then 


_ turn to another, confident that the issue had been settled once and for all. 


Unfortunately, however, this is not the case. Technology may change, 
people may change, and the market may change, with the result that situa- 
tions must be re-examined periodically and policies constantly checked 
against actual conditions. 

The decision maker is often in the position of a juggler who has three 
oranges in the air, a ring around his ankle, and a cane on his nose-—and 
who is balanced on a tightrope all the while. No one of these facts is too 
difficult by itself, but carrying them on simultaneously requires art, training, 
and abdominal fortitude. 


5. WHAT IS THE OTHER FELLOW DOING? ; 

Let us now consider one of the most difficult aspects of the decision 
. process in the ‘business world: the presence of competition. We have said 
that price cutting involves certain estimates of the effect upon consumer 
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demand, but the situation is enormously complicated by the fact-that one 
of our executive’s competitors may follow suit if he tries to grab the market 
in this way. As a result, the only effect of the price cut will be to decrease 
‘total revenue. aN a 
Similarly, if we are faced with the problem of modernizing stores, as in 
the case of a large retail chain, we may decide to save our money and pass 


on the saving to the consumer. But the fickle customer may be attracted by . 


the new chrome and air conditioning of a competitor. and cheerfully pay 
higher prices. in the gaudier surroundings. The result is that once again 
there is a substantial decrease in revenue. 

It follows that, troublesome as many decisions are in the absence of any 
outside forces, their difficulty is intensified by the presence of competitors 
_ whose possible decisions we must taken into account in making our own. 


“MOBILIZING FOR THE ATTACK 


Let us now indicate in a non-technical way some of the mathematical 
_ techniques that can be applied to various versions of the problems outlined, 
As is to be expected, these methods are not completely independent; in- 
stead, they overlap to a considerable degree. Very often, a successful ap- 
proach to a large-scale problem will involve using a number of them 
simultaneously, 


ARITHMETIC ; 
Since we study arithmetic in the very earliest grades, seldom realizing its 
possibilities, there is a certain tendency for us to dismiss its techniques as 
being both simple and of low caliber. This view is mistaken: Some of the 
most ‘difficult problems in mathematics lie within the field of arithmetic, 
Quite often a simple paper-and-pencil calculation, requiring only arith- 
metic and common sense, can demonstrate the worthlessness of a certain 
'. course of action. Thus expensive and time-consuming investigations can be 
avoided by a small preliminary effort—a “back of an envelope” analysis. 


ARITHMETIC WITH COMPUTING MACHINES 
When a great deal of calculation is required, the time required for figur- 
ing and checking the figuring becomes excessive. We therefore look about 
for devices which will perform the work for us both faster and more accu- 
~ rately. . 
A device of this type exists in the form of the modern computing ma- 
chine. Most flexible and widely used is the digital computer, although the 


analogue computer is extremely useful within its sphere of influence. Fre-. 


quently, different types are used in conjunction, 
The digital computer does nothing that a human computer could not do; 
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it simply does it faster and more accurately. But to say merely that the 
machine “does it faster” does not convey the proper impression. This is 
precisely a situation where a difference in quantity results in a difference 
in quality. a 

Suppose that, several hundred thousand ‘years ago, about the time when 
fire was first tamed by some intrepid ancestor of ours, a precocious genius 
simultaneously invented paper, pencil, and arithmetic. Suppose, then, that — 
he sat down to resolve the scheduling and _allocation problems involved in 
the hunting down of mastodon, giant sloth, and saber-toothed tiger, together 
with the distribution of the resulting food and pelts to the various members 
of the clan on the basis of their abilities and needs. Approached in a routine 
fashion, including the enumeration of the various possibilities and evalua- 
tion of their outcomes by means of arithmetic calculations, this problem 
would have been handed on from patient father to patient son and would 
still be unresolved. Yet, with a modern computer, problems of this type can 
be resolved in a few days without higher mathematics and—with a slight 
injection of advanced techniques—in the course of a few hours. This is 
what we mean by “faster.” 


CALCULUS 

Under various simplifying assumptions, we can write an explicit expres- 
sion, involving such quantities as price, quantity of production, and interest 
rate, which will give us an estimate of total profit or total cost. In order 
to maximize or minimize an expression of this type, we can use trial-and- 
error methods based upon straightforward arithmetic calculations, some- 
times with the aid of more sophisticated search methods, or the methods of 
calculus. - 

When these methods apply, they work beautifully. Unfortunately, how- 
ever, problems of maximization or minimization—that is, many of the most 
important questions arising in economic life—elude solution by means of 
calculus. 


PROBABILITY THEORY 


‘The mathematical theory developed over the past 300 years to handle 
’ problems involving chance and random events is that of probability. Origi- 
nally constructed to aid professional gamblers. in placing their bets effi- 
ciently, and to enable the French Government to run lotteries at a profit, it 
has unexpectedly blossomed over the past 50 years into one of the funda- 
mental tools of mathematical and physical research, with the most sur- 
prising offshoots in remote fields. ° coy 

We have seen that the executive is often forced to make decisions in the 
face of uncertainty. But, powerful as probability theory is, its application 
to a number of significant problems is no trivial matter. 


24 - TOP MA NDGEENT: DECHION SIMULATION 


THE THEORY OF GAMES 


Although economists had Gonsideredt competitive situations to some ex: Sale 


tent, the underlying mathematical theory was rather late in developing. Its 
systematic structure was established approximately 25 years ago, but not 
until publication of von Neumann and Morgenstern’s Theory of Games and 


Economic Behaviour, in 1943, did it become common property. The theory | 


of games has since been used extensively to analyze economic and military 
problems. 

The impetus that this theory has given to whe general avidly of. decision 
processes cannot be overestimated. 


LINEAR PROGRAMMING 

Our statement-that the tools of calculus cannot always solve questions 
involving maximization or minimization applies particularly to the sched- 
uling of activities and the allocation of resources, In these areas, problems 
arising from, the simplest of assumptions—that return is always directly 


proportional to effort expended—do not yield at all to ne classical varia- 


tional methods. 
If the number of decisions involved is fairly small, direct enumerative 


.methods give satisfactory answers. However, if we wish to consider the 


problem: of supplying distributors on a nationwide basis from a number of 


‘centrally located warehouses, or the problem of locating power supply units 
in such a way as to minimize the cost of service, or the problem of routing. 


planes so-as to maximize passenger travel and profit simultaneously, we find 
that any direct enumeration of possibilities is out of the question, even with 
modern computing machines at our disposal. 

To illustrate this point further, let us take a uery simple but pumportant 
example. 


Suppose that we have 10 men available for 10 different positions in our organiza- 
lion, Assume that each man can be used in any of the 10° positions but that, 
naturally, his performance will ‘depend upon the job to which he is assigned. 
Assume, also, that we have a way of measuring this performance or—what is less 


demanding—that we have a way of telling whether one particular assignnient of 


positions is preferable to another, 


Now let us do some simple arithmetic to determine what an enumeration of all 
possibilities would entail. Since the first man can be assigned to any of the 10 jobs, 
the second to any of the remainirig 9 jobs, and so on, we see that the total number 
of ways-of fitting 10 men into 10 jobs is 10x 9x8...x2x.t = 3,628,000. 
_ This is a relatively small number so far as modern devices go. At one second per 
evaluation, approximately 1,000 hours would be required to cover all the’ possi- 
bilities. For an important problem, this might be feasible. 


. But suppose that the task is apparently doubled—20 men must -be fitted into 20 
jobs, Using the same-simple counting process, we see that the total number of pos- 


"> sible. assignments is 20 x 19x 18... .x% 2x 1 = -2,432,902,008, 176,640,000. 


This is an awesome number. Assuming that we could evaluate the worth of any 
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particular assignment of the 20 men in one microsecond, we would need well over 
half a million years to reach a direct enumeration solution. 


-- ft is clear, then, that the simplest direct approach to problems of this type 
must fail.. We must call upon the resources of mathematics for additional 
help. Sak SS gluing 
The mathematical theory which has evolved out of techniques developed 
over the past decade to resolve problems of this nature is linear program- 
ming. With the fundamental simplex method of George Dantzig, problems 
of the type described can be resolved in a matter of minutes. Furthermore, 
4 number of methods have been developed which even permit such prob- 
lems to be solved by means of a hand computation, and there are a number 


of powerful approximation: methods which enable the mathematician to 


arrive at reasonably good answers even when he cannot guarantee that they 
are the best theoretically obtainable. 


Unfortunately, most of these methods are well suited only to situations 
in which we have the type of proportionality response iNlustrated. In all 
physical processes, of course, there are saturation effects and buckling 
effects. To account for these phenomena, and others to be discussed, we 
require different techniques. ; , 


DYNAMIC PROGRAMMING 

We live in an ever-changing world. Everything about us—and we our- 
' selves, physically and psychologically——changes to a greater or lesser de- 
grec. So far as the business situation is concerned, this state of constant 
flux introduces two very real complications into our calculations. First, we 
find as we look into the future that the number of possibilities to be con-| 
sidered increases at an astronomical rate. Second, the further ahead we 
attempt to plan, the greater the uncertainty factor, which also operates to 
increase the number of alternative decisions we must consider. Since we 
can evaluate the future only in terms of the present aid the little we know 
of the past, we are continually in the position of attempting to judge dy- 
namic situations in terms of static situations. — 

In a number of cases, decisions can be made once and for all, and ever 
after be referred to as established policy whenever the same question arises. 
On the whole, however, flexibility and adaptability are urgently needed to 
adjust to shifting conditions, and in most realistic situations it is necessary 
to think in terms of sequences of decisions made at regularly or irregularly 
spaced intervals in time. These decisions are in general not independent, 
since the early decisions affect the choice of action we have in making the 
later ones. 


Introduction of Time Element. Let us see what the introduction of the 
time element does to the arithmetic of some basic decision problems: 
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Assume that, as a large wholesaler, we are shipping television sets to retailers. 
Each month a certain number of items is to be sent to each retailer, depending 
upon his inventory, his request, his selling ability, the supply on hand, and the 
‘shipping ‘costs involved. The: problem is to determine the interval at which the 
sets are to be shipped. . , . 


With a reasonable number of retailers—say, 200 or 300—this problem of optimal 
distribution over a single time period is one which can, in many cases, be ap- 
proached by means of linear programming techniques and, occasionally, by means’ 
of other methods as well. Suppose, however, we attempt to solve our problem for 
_ 4 12-month period in order to coordinate production and transportation facilities, 
‘We can reason that distribution to 300 dealers over 12 months is equivalent to 
distribution to 3,000 dealers ever a single period of a year; and, since this is the 
same type of problem as the original, our first reaction is to apply the same 
methods to it. : 


But, before disposing of the problem in this summary fashion, let us recall what 
happened previously when we apparently doubled the magnitude of an assignment 
problem by requiring that 20 men be delegated to 20 positions, rather than 10.. 
men to 10 positions. The difference in the magnitude of the problem was meas- 
ured, not by a factor of two or four, but by a factor of millions. 


The same phenomenon occurs here. Although it is true that modern mathematical 
techniques permit the search for a maximum or a minimum, or an optimal policy 
in general, to be carried out in a far more efficient manner than that implied by 
a routine. enumeration of possibilities, it is also trué that despite these powerful 
techniques at our disposal, and despite the aid of computers, an increase in the 
number of retailers from 1,000 to 12,000 baffles us at the present time. This is 
dué to either or both of two facts: First, an inordinate, amount of time may be 
required to grind out the solution, during which time the problem -itself may 
change or lose importance. Second, as a result of the fact that problems of this Maes 
magnitude exceed the capacity of present-day machines (large as they are), we / 


may not be able to use the machines at all. 


Allowance fer Uncertainty. Let us now see the further complication that 
arises when we cannot assume that the outcome of a decision is certain, but 
must recognize that it is dependent upon chance. 


toss’ of a coin, If it comes up heads, there is one result; if tails, another. After 
each toss, we assess the situation and make a decision which depends upon the 
results of the tosses to date. A good example of this is the martingale or “doubling” 
system in roulette, where heads and tails are replaced by “rouge et noir.” 


How many different cases must we consider if we are to toss the coin 10 times? 
Since there are two possibilities at each. stage, and 10 Stages, it is clear that we 
must be prepared to face2x2x...x 2 = 209 = 1,024 possibilities ‘altogether, 


Consider the simplest case—where the outcome of an event depends upon the : 
t 
This is certainly not a discouragingly large number. 


Recall, however, the classic fable about the origin of the game of chess by an 

' oriental slave. His master decided to reward the young genius. by filling the chess- 4 
board with grains of rice, one grain on the first square, two grains on the second 
square, four on the third square, and so on—in other words, doubling at each 
step the number placed on the preceding square. 


Since there are 64 squares on a chessboard, the last square would have to contain 
2% grains of rice, or approximately 5 billion. If the grains were dropped at the 
rate of 1,000 per second, approximately 100,000 years would be required to fill 
the last square, : " 
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This brief example will indicate the magnitude of the numbers that arise 
so readily from the simplest problem involving combinations of decisions 
and events—and the obstacles that stand in the way of any brute-force 
attack on many of the business world’s difficulties in connection with sched- 
uling and allocation. There is no simple way of arranging all the possibilities 
in order and picking the best. As soon as we allow chance events, any direct 
enumerative solution of basic questions completely evades us. We would 
never live long enough to use the answers—in fact, it is doubtful whether 
our universe itself would last that long. 


EMPHASIS ON POLICIES . ne 

The mathematical theory that has been constructed to treat problems _ 
involving a sequence of decisions in cases where we have proportionality, 
saturation, or buckling, or combinations of these effects, together with cer- 
tainty or uncertainty, is called dynamic programming. The core of this 
theory is its emphasis on policies—which is to. say, rules of behavior which 


tell us what to do in terms of where we are. This basic approach has many 


applications to control problems in the engineering world as well. 
The fundamental rule which determines the formation of policies is the 
principle of optimality: eon 


An optimal policy has the property that, whatever the initial 
state and initial decision-are, the remaining decisions must con- 
stitute an optimal policy with regard to the state resulting from 
the first decision, 


The translation of this statement into mathematical symbolism enables us 


- to attack multi-stage decision processes. 


The complexity of many aspects of the modern world is such that numer- 
ous decision-making processes can be viewed only in terms of policies. To 
accentuate this point, the AMA game has been designed in terms of a 
dynamic programming process with major emphasis upon the choice of 
over-all policies. 


os _. The Search for 
- Added Precision and Power 


ie THE preceding chapter, we cited some of the problems that face top 
management, attempted to.determine what constitutes the core of the 
difficulty, and, finally, described some of the mathematical techniques that 
' are currently utilized to solve these problems and have proved to be highly 
valuable in connection with the many types of long-term planning which 
are required in the world of business. Throughout our discussion, however, 
there have been warning notes to counteract the optimism radiated ‘by each 
new method. Exactly why do we find it necessary to add these caveats? 


INADEQUACY OF MATHEMATICAL TOOLS 


Three factors limit the usefulness of mathematical tools in dealing with 
business problems. These are the lack of precisé formulation, insufficient 
information concerning cause ‘and effect, and uncertainty, which is one 
. aspect of insufficient information.’. : : 


“LACK OF PRECISE FORMULATION 


No matter how. powerful a mathematical tool we possess for finding 
the maximum or minimum of a given expression, or how efficient a machine 
we have for doing the requisite arithmetic, these tools and devices cannot 
be applied il we furnish a precise expression for what we want maxi- 
_Mized or minimized, And in the majority of cases, as we have seen, we do 

not have any means of evaluating the total effect of a number of decisions 
~-concerning such matters as price, advertising, and salary. 

__ .What is much worse in many ways is that, just in those competitive situa- 
‘tions where we are battling not only the environment but other human 

‘intelligences, neither economic nor mathematical theory defines with com- 
plete precision what we mean by an “efficient” policy. 


INSUFFICIENT INFORMATION CONCERNING CAUSE ‘AND EFFECT : 

We have pointed out that the lack of a clear-cut criterion which measures 
success or failure is a considerable handicap in the systematic treatment of 
business problems, although by no means a fatal one. Fortunately there 
are quantities which we can use as partial measures of success: some which 
we wish to make as large as possible, others which we wish to. make as 
small as possible. _ a 

For example, while share of the market is not the sole gauge.of optimal 
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operation, we will certainly want to know how much it will cost us to 
guarantee a pre-assigned share, But, in trying to find out, we discover that 
we lack sufficient information concerning cause and effect. We do know 
that advertising affects the sale of our product, but we have no way of 
assessing the change in demand per additional $100,000 spent. Further- 
more, within the advertising field itself, we have only vague estimates of the | 
comparative effectiveness of money spent on newspaper ads, magazine 
spreads, TV commercials, and so on. Not only do we have no satisfying 
prescription for evaluating the effect of the advertising budget'in a quantita- 
tive fashion, but we cannot always be sure that we have the proper quali- 
tative feel. Tasteless, offensive, or misleading copy may cause a decrease 
rather than an increase in sales. 

The same situation exists wherever human interaction occurs, The hiring 
of an additional member of the sales force may actually result in a decrease 
in total sales owing to the large number of psychological tensions which 
each new individual introduces into a group. The major difficulty in con- 
structing a theory of organization lies in the recognition and understanding 
of these tensions, often mystifying to the very people involved. 

It follows that in a number of cases, even if we have a well-defined goal, 
we do not possess the basic knowledge required to proceed optimally. 


UNCERTAINTY—-CHANCE OR IGNORANCE 

Uncertainty, simple though the concept may seem at first glance, actu- 
“ally is a puzzling idea to pin down. Even to this day, there is vast dis- 
agreement among mathematicians, scientists, and philosophers as to what 
is meant by “chance.” Some would have it that everything is ultimately 
based upon chance, and that what we consider to be smooth or well-regu- 
lated behavior is merely the outcome of averaging effects. Others maintain 
as vehemently that chance is merely a cover-up for ignorance ard that 
everything can be explained and predicted if only we have enough pre- 
liminary information and analytic ability. 

Although problems of this type may seem like philosophical quibbling 
to someone who is interested in streamlining an organization or increasing 
sales, they have a profound effect upon the way in which we approach the 
basic problem of ignorance. Suppose we are given a coin which we have 
never seen before and told that we will get $5 if it comes up heads and $10 
if it comes up tails. Without being allowed to perform any tests on the coin, 
we are then asked to call heads or tails. This is a very simplified version of | 
the problem that decision makers face constantly. It is also the problem 
that the statistician faces in all his investigations. 

A number of elaborate theories have been constructed to provide a basis 
for rational behavior in a situation like this, As might be expected, however, 
none of them offers any compelling reason for acceptance, and the problem 
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usually resolves itself into a matter of choosing the approach which seems 


which will cost Ps fel ther att he worst ofall posible altemetinn 


-. Again, some of us feel that the universe doesn’t Particularly care what 


happens to us, so that we may as well assume that the average situation - 
will always occur, ‘There is, obviously, a considerable difference between : 
these viewpoints, with the result that a Policy which is optimal with respect 

to one philosophy may be disastrous in regard to the other, — 


THE INDICATED SOLUTION 


We See, ‘then, that the three points we have discussed—lack of precise 
formulation, insufficient information, and uncertainty—are all intimately 
related. Now Jet us Put these factors together and look at the net result, 


" ENORMOUS NUMBER OF ALTERNATIVES 
If we do Not. possess a Single goal, if we have to consider “4 Number of 


tives at each Step increase. Actual business Processes create situations 
characterized by even greater Orders of Magnitude, 


AGAIN THE CONCEPT OF A PoLicy 
‘In view of the many discouraging difficulties we have uncovered, there 


needed is to make this intuitive concept more precise and more widely. 


' Process. This.is the technique of model building, 
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ORIGIN OF MODEL-BUILDING APPROACH — be so. 

Let us begin with the seemingly irrelevant problem of building a bridge. 

Here we have a precisely defined problem which would seem to depend 
upon a number of precisely defined fields—mathematics, for example, and 
the various branches of engineering. This problem has been an important 
one for thousands of years, with the result that the mathematical and 
physical theories concerned have been assiduously cultivated. Conse- 
quently, we do not anticipate any grave difficulties. 

If, however, we look into the detailed effort involved in. the construction 
of a bridge, we find that the questions which confront us-——concerning 
strength, elasticity, durability, resistance to shock and vibration, and the 
like—cannot be completely answered on theoretical grounds. We can ob- 
tain certain hints, and we can obtain values that are of the same order of 
magnitude as the correct values, but we do not have precise formulas in a 
vast number of cases. : scare 

This holds true, moreover, for the construction of ships, for the con- 
struction of airplanes, for the construction of automobiles, and generally 
throughout the engineering world. Idealize the situation sufficiently—for 
example, take the airplane to be a long narrow tube, or consider an axle 
to be a revolving cylinder—and the engineer can turn to the mathematician 


- and obtain results concerning resonant frequencies, natural vibrations, 


buckling, and so forth. But consider the actual shape and dimensions, and 
the engineer is often forced back upon his own resources. This is not to 
say that the mathematical approach does not furnish valuable guides and 
hints, with occasional successes. However, engineering is to a large degree 
an art, rather than any cut and dried application of immutable laws. 
_ The engineer is therefore compelled to adopt a very simple and funda- 
mental idea. If he wishes to know how something works—that is, outside 
the domain of mathematical techniques—he builds it and finds out by direct 
observation. This is a reasonable approach so far as a combustion engine, 
a bicycle, or even a house is concerned. It-is feasible, though rather expen- 
sive, in conjunction with a transport plane, but it is clearly out of the 
question so far as a battleship is concerned. - ; 

The natural extension of the idea of building an object and observing its 


behavior is that of building a miniature version, or a model, of the object 


and using this model to determine the behavior of the original object. Here 
is one of the basic ideas of the scientific world—and also one of the most 
fruitful. , 


APPLICATION TO THE BUSINESS WORLD beh, 

This, then, is the approach that. we propose to use, in the business world, 
in connection with decision making. True, there are numerous difficulties 
associated with its successful application. To an even greater extent than 
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is ; the case with other methods, its value depends as much on understanding 
its limitations as on knowing its possibilities, 


Suppose that we are telephone company executives faced with the prob- 


lem of determining what type of equipment to use in an exchange and what 
type of personnel to employ. With data gathered from current operations, 
an experimental exchange can be constructed, staffed, and exposed to 
various Operating conditions. In this way, we can determine the efficiency 
of various setups and organizational structures by direct experimentation. 


This is the ideal situation, one in which a reasonable facsimile of the - 


actual operating unit can be built and tested under actual conditions. In 


many cases, however, we cannot duplicate the actual situation, exactly as. 


the engineer cannot duplicate a battleship or a dam. We are forced to use 

a small-scale model. For example: If our telephone exchange is to be used 

. in a medium-sized community where the unit will not be too large, it may 
be feasible to. construct .a full-scale model; but, if we are considering a 
major exchange in a principal city, this may not be possible. 

We- now. have two alternatives: We can use a small-scale model and 
extrapolate from that, or we can construct a mathematical model of the 
original process and use analytic devices, together with computing ma- 
chines, to obtain some typical results. Probability theory will tell us how 
accurately our sample simulates actual operating conditions. In manly cases, 
however, the original process is so involved that even this mathematical 
model is too complicated. We therefore build a physical model of the 
mathematical model and view its operations in order to determine the be- 

“havior of the mathematical model, which is in turn used to predict the 
pehavior of the original unit, 


MATHEMATICAL AND ECONOMIC MODELS TOGETHER 
In the study of an economic process, mathematical and economic models 
_can be used simultaneously, the one reinforcing the other, 

This is the basic idea of the analogue computer. We begin with a physi- 
cal system and write down a set of equations governing certain aspects of 
its behavior. We then observe that these equations, which may have arisen 

in connection with the study of a dynamic economy, have precisely the 
same form as equations which describe the behavior of an electrical or 
’ mechanical circuit. Stockpiles may correspond to voltages, rates of flows 
to currents, and so on. It is easier to observe the effect of changing voltages, 
currents, and resistors than it is to study the effect of changing stockpiles, 
production capacity, and so on. Consequently, if we cannot treat the origi- 
nal equations analytically, we may build.an electrical model rather than’ an 
‘economic. model. 

The same idea underlies the sampling technique known as the Monte 
Carlo method. Suppose that we wish to determine the probability that a 
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pair of honest dice will produce a seven. With thé help of elementary prob- 
ability theory, plus a little arithmetic, it is easy to figure’ ‘out the required 
probability. A simpler method, insofar as it requires no theoretical back- 
ground, is merely to roll the dice a few thousand times and record the ratio 
of the total number of sevens produced to the total number of throws. This 
will yield a very serviceable approximation to the actual value. Further- 
more, the method is equally applicable where the dice are not honest, . 

In a number of problems that arise in scheduling, the mathematical 
theory is so difficult to apply that it is much easier to determine the prob- 
abilities in this experimental fashion. What is particularly striking about 
problems of this type is that answers can be obtained with a very minimum 
of mathematical knowledge and statistical technique. 1i, however, mathe- 
matical know-how and statistical sampling techniques are utilized, then 
very much more reliable answers can be obtained more quickly. We have 
here a fine example of the fact that, quite often, situations which at first 
sight would permit us to dispense entirely with sophisticated techniques 
actually are those which permit mathematical methods to be used with 
tremendous effect to improve reliability and reduce costs. — 

The sampling technique described can also be used in conjunction with 
the idea of an analogue computer. We may observe that: the probabilities 
obtained from one type of process—say, throwing dice in a certain fashion 
—are the same as those obtained from a process involving the behavior of 
neutrons. Since it is very much easier to throw dice, or to -have this done 
figuratively by means of a comiputing machine, than it is to experiment with 
neutrons, we calculate the requisite probabilities with the machine. Re- 
markably enough, in a number of cases the digital computer can be used 


as_an analogue computer with proper identification ‘of the quantities of 
interest. 


MAN VERSUS MAN AND ENVIRONMENT 

Thus far, we have discussed situations in which the sole problem was 
that of man versus environment. The model building which is employed in 
handling such situations is system simulation, 

But in the business world, as has been pointed out, many of the most 
significant problems are those of man versus man and environment. And, 
although the basic principles of dealing with this second type of problem 
are no different, many more difficulties arise in practice because of that 
old bugaboo, human interaction. Since, however, these are precisely the 
effects we wish to study in a number of cases, there is great compensation 
in return for the added‘complexity. 

The model making developed to treat these Tost important business 
problems we have called competitive simulation. 


System Simulation—Tool 
For Management Experimentation 


E HAVE described, briefly, two broad categories of simulation use- 


Y¥ ful in ‘analyzing business problems: system simulation and com- 

- petitive simulation, We have noted that system simulation is a method 
useful in the analysis of problems involving man versus the environment— 

_or, to put it a little more specifically, that in this category we are. concerned 
with the study of problem areas wherein men, machines, and: facilities 
working together in a complex organization are pitted against the environ- 
ment of uncertainty. And we have seen that competitive simulation is 
merely an extension of the simulation concept to include problems involv- 
ing man versus man in the environment. _ 

The manager of a successful company today is aided by competent staff 
-work in such a volume. of output that he is continually being faced with 
suggestions for change that are offered with the stated objective of improv- 
ing the company’s strength in some one of many ways. Indeed, this man- 
ager lives in a veritable sea of helpful ideas. Thus the job of adequately 
appraising the effect of changing certain patterns of operation and the 
attendant policies and procedures involved, whether in the production or 
distribution portions of the business, is becoming one of the most perplex- 
ing and time-consuming duties facing executives and managers. 

System simulation is being utilized increasingly for the task of apprais- 
ing the worthiness of certain types of suggested changes. Tt has the most 
useful property of permitting management to experiment with and test 
possible policy, procedure, and organization changes in much the same 
~ way as the aeronautical engineer tests his design ideas in the laboratory or 
"in the wind tunnel. Perhaps we might even, somewhat facetiously, refer to 
system simulation as a management wind tunnel, where the objective of 
testing is to determine the practicality of certain suggestions and to knock 
_ the “wind” out of others that are impractical. 


TYPICAL PROBLEMS WHERE SIMULATION IS USEFUL 


- To give an idea of the type of problem where simulation is useful, let 
us take two cases: one involving distribution; the other, production, 


1, MAJOR EXPANSION OF RETAIL CHAIN 


To begin with, let us consider a large retail dry goods chain which is © 
planning a major expansion. The company is faced with such problems as 
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specifying the sizes of the retail outlets and the amount of space devoted 
to stock that is off; as well as on, the shelf in retail outlets (inventory, ; 
determining the number, location, and plant-design characteristics of the 
-warehouses; and determining the number and specifications of the trucks 
‘required for delivery from warehouse to outlet. 


At first, it might appear that merely extending the same store size and 
space allocation might provide a simple solution to the first problem. How- 
ever, consider the effect that this decision may have upon the number of 
trucks required and the design of the warehouse. If we specify a very small 


inventory space at the store, we force ourselves to make more frequent . 


deliveries to outlets which are necessarily composed of smaller amounts of 
each item. This means that more time is spent at the warehouse in building 
up the variety load that results, and that either we may have several moves 
of the truck to make at the warehouse or the truck may be obliged to 


_ occupy a given loading dock for a greater length of time. All this will tend . 


to require more apron space, more loading docks, and even more trucks, 
since their utilization will be decreased by the additional waiting time im- 
posed, 

Clearly, then, our decision at the store level may have faercacking 
effects upon the performance of the entire complex operation, and we 
might well increase the total inventory at the stores in order to achieve a 
better over-all economical operation. It follows too, without going into’ 
detail, that action in regard to problems at the warehouse, as well as deter- 
mining the number of warehouses and their location, can cause similarly 

far-reaching effects. 


2. AUTOMATION OF PRODUCTION FACILITIES 
Or take’another broad problem—this time in the productian field. With 
the trend toward automation of production facilities, automotive and elec- 
tronic manufacturers are experiencing a new kind of situation. Economic 
analysis may justify a high degree of automaticity for a product that will 
most likely be in production for a relatively short time. But long automated 
lines are subject to breakdowns, and adjustments are necessary from time 
‘to time. If every station along the line has'some probability of breakdown, 
then the longer the line, the greater are the chances that it will be down 
at any given time. This results in a reduction in the utilization of equipment 
_ and manpower which may be costly. 


Thus we turn to such remedies as breaking the line into sections, with 
in-process inventory between, or providing standby equipment. In the one 
case, there are a great number of sections that may be chosen, each with 
its attendant costs and resulting utilization. In the other, if we can involve 
-only a small amount of capital in standby equipment, do we select the most 
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for work stations early or late in the sequence of production? All these 


factors must be determined for a situation characterized largely by chance — 


; events. 


The problem of selecting the right pattern of automation, maintenance, 
and inventory locations therefore becomes a very complicated one, particu- 


larly if the over-all company objective of least total cost is actually to be’ 


achieved. Moreover, it is further confounded by the helpful suggestions of 
-_ interested individuals with different viewpoints:, The design engineer often 
would like to see complete automation, while the operating man may be 
inclined to overstress the vulnerability of his line and urge costly precalc 
tions against interruption. 


‘THE COMMON ELEMENT 


_The element that is common to these situations seems to be the fact that 
each constitutes a broad problem, with conflicting viewpoints as’ to its 
‘solution from different parts of the organization and, as stated, either a 
great many chance occurrences or countless day-to-day variations in the 
time required to perform the activity. ° 

-QOne of the difficulties in solving problems of this broad nature is the 
compartmentalized thinking, already mentioned, which our organization 

’ structure tends to impose upon the managers of the affected departments. 
In our retail dry goods chain, for example, the warehouse manager looks 
at the design of the warehouse from the standpoint of storage and handling 
‘convenience, the real estate manager will want to keep stores small in order 

: to reduce investment, and the transportation manager may simply want 

“more trucks so as to be able to deliver goods more speedily. All this often 
leads management to arrive at a compromise solution which is not the 
best, economically, from the over-all company point of view. 

. How can we get at such problems where interactions between various 
Shinetons in the organization play so important a role in finding the best 
‘over-all solution—and, perhaps even more important, in getting it accepted 
and implemented? 


GENERAL METHODS OF ATTACK 


_ We have three general courses of action open to us,.all of them valuable 
in different ways. Let us list them and then discuss each one briefly. 


-1, Experiment with the real facilities, machines, and men. 

2. Construct equations describing the various alternatives (formal math- 
“ematical analysis). , 

3. Conduct simulated experiments, or system simulation. 
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1. EXPERIMENT WITH THE REAL FACILITIES, MACHINES, AND MEN 

Generally ‘speaking, any idea that has been thoroughly studied is still 
not proved until it is tried out in the real situation. We may arrive at sug- 
gested ideas or plans as a result of staff studies, conducted by affected 
parties and marked by varying degrees of detail and refinement, or we may 
decide to emulate the practices of successful competitors In any event, 
the basic problem of studying the resulting interactions is not faced until 
the plan finally agreed upon is tried out to see what happens. Then, if it 
proves to be inadequate, it is modified. In effect, we end up experimenting 
with our own men, machines, and facilities. 

While this often is the only method available—and it does get action— 
the attendant confusion and cost of operating inefficiently for a long period 
of time may be avoided by selecting another means of attack. 


9. CONSTRUCT EQUATIONS DESCRIBING THE VARIOUS ALTERNATIVES 

Where it is possible, and where the necessary data are available, formal 
mathematical analysis may be the most desirable and powerful approach. 
However, this method, which may be said to consist of writing equations 
which describe completely the problem area under study, frequently is too 
complicated to utilize, and in many situations the mathematics have not 
or cannot be developed which will permit all the desired factors to be 
simultaneously considered. 

Further, the mathematical method also poses a distinct problem in com- 
munication, It is often hard to convince people that what the formula says 
is really the best thing to do, and the many resulting “ifs” and “but’s” are 
not easily overcome in the process of getting change accepted. Thus experi- 
mentation, as in method 1, generally still has to be performed. 


3. CONDUCT SIMULATED EXPERIMENTS 

In cases where our first two methods have not given satisfactory results, 
simulated experiments—or system simulation—may be helpful. It attempts 
to describe the actions of people, machines, facilities, and the like in such 
a way that the effect of different policies, practices, and even organization 
structure upon the total performance of this unwieldy combination can be 
determined without the need for experimenting with the real people, ma- 
chines, and facilities. Hs 

This relative newcomer to management analysis has been used in a wide 


-yariety of broad business problems—for instance, in describing the detailed — 


flight and maintenance operations at a major airport, in tracing the move- 
ment of oil in a complex delivery system, and in studying.and training per- 
sonnel in inventory and production control systems. However, perhaps it 
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will be most useful at this point to illustrate the nature of the approach by 


means of a highly simplified example. 


The Problem Stated 


In our shop we have 20 machines which run continuously for 24 hours 
per day. These machines break down from time to time despite preventive 


- maintenance. We have four repairmen on duty constantly, but the setup 


is such that only one man can work effectively at a machine at a given time. 
As managers, we are concerned over two observable facts which have 
come to our attention: : 
1, From time to time we note that there are more than four jinehines 
down. simultaneously. We therefore wonder whether a fifth repairman 
-would be a profitable investment in labor to avoid machine waiting 
time. 
2. We also note that there are many times when all the repairmen are 
’ idle and that there are even more times when two or three are idle. 
We wonder whether they are paying enough attention to the job. Our 
rough and ready standards don’t seem to jibe with work sampling 
studies we have made on the floor. Therefore, we also wonder con- 
versely, do we have too many repairmen? Would not three be more 
satisfactory? Thus we have conflicting possibilities to study. 


Solution by Averages 
Now, suppose we have made studies which show that the average run- 
ning time between breakdowns is 10 hours and that, on the average, the 
necessary repairs require one hour to complete; that is, the machine is down 


‘ one hour out of every 11. 


The rough and ready approach indicates that from 20 machines we may 


expect 1/11 times 20 hours of work to arrive each hour. This turns out 


to be 1.82 hours of work, to handle which we have available four man- 
hours. Seemingly (if we are content with this analysis), four men should 
be able to take care of the repairs quite adequately, with no machines ever 
having to wait their turn, Further, we should find on the average that the 
repairmen are idle approximately 54 per cent of the time 
4 —~ 1.82. 

However, recent sampling studies of the actual workmen have indicated 
that the percentage of idle man time actually varies from 32 to 63 per cent 
and that machines wait for a repairman from 3.3 to 1.1 per cent of the 
total available time. While we know the hourly cost of our manpower and 
machinery, it is hard to pick out the best figure from these utilization 
studies. Moreover, how do we know what the effect of putting on or taking 
off an additional man would be? ; 


—= 0.54° 
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‘Clearly, our rough and ready analysis is not sufficient to evaluate the 
economics of utilizing another repairman. We could try to get an answer 
by experimenting with the real men and machines. In other words, we 
could actually put on an additional man and, after a period of time, care- 
fully determine how much. better machine utilization we had achieved. If 
we weighed this against the cost incurred, we could get a measure of im- 
provement. Then, after a while, we could cut back to three men and again 
measure the effects. 

While this is a commonly used sniethod’ it is costly both in time and in 
money lost-if we are not now operating with the right solution. 


Solution by System Simulation 


System simulation provides a way of doing the necessary experimenting 
right in the laboratory, without the expensive and disturbing job of dealing 
with the real people and equipment—which, in any case-—are continually 
changing. 

Simulation with Three Repairmen, Our operations analyal tells us that 
we have one chance in 10 (a probability of .1, in mathematical language) 


ofa machine’s breaking down in any given hour of operation. Further, an. 


extensive study of the resulting repairs discloses that: 


40% of the repairs require 14 hour to complete 
30% of the repairs require 1 hour to complete 
20% of the repairs require 112 hours to complete 
10% of the repairs require 2 hours to complete. 


Thus we have a 40 per cent chance that a given breakdown will require 


a half-hour to repair, a 30 per cent chance that it will require an hour to- 


2 


LCE Ce PU 
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With an unbiased wheel, the ball is as likely to land 
on one number as any other, 


’ repair, and so on. With these data we are ready to simulate what would 


happen if we were to use various numbers. of repairmen. Let us start with 
three. oe 
We now need to estimate how many‘machines will break down in a 
given hour of operation under our simulated system. Let us assume an un- 
biased wheel, with the ball as likely to land on one number as any other. 
Since our chances of having a breakdown were previously determined to 
be one chance in 10, we can let any number of the 10 shown represent 
that breakdown. In our example, then, we shall use the number 9 for this 


. purpose. 


However, rather than actually resort to the wheel, Jet us refer to a table 


of random numbers (Figure 1A) that have been painstakingly recorded 


by scientists for just such types of analysis. These, in effect, may be thought 
of as the record of a million throws at the wheel—one that we know is 
unbiased, and which will give us numbers that we know are perfectly 
random. 
Since we have 20 machines, each with a chance for a breakdown, let us 
look at 20 numbers from this table (Figure 1B). In this group of 20 we 
observe three number 9’s. Thus three machines broke down during this 


hour. 5 


The next. question is: How long do these repairs take? In our simple 
example, we refer to the random number table again. This time we use all 
the numbers, as follows: 
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1-4, inclusive, represent a %4-hour repair (40%) 
5-7, inclusive, represent a 1-hour repair ; (30%) 
. 8-9, inclusive, represent a 14-hour repair ; (20%) 
0 represents a 2-hour repair (10%) 


Note that our data are in the same proportion as those on repairs, 

_. Let us look at any three numbers to find out how long our three break- 
downs require in repair (Figure 1C).. 1f we start: with the 5, 8, and 4 

~ shown, our repairs will require one, one and one-half, and one-half hours, 

' respectively. We have now. simulated one hour’s operation of our man- 

‘machine system and can keep score as shown in Figure 2A. This same 
method is continued until many such hours are simulated, 


As we go along, however (Figure 2B), we finally get into trouble, In 


time period 68, for example, more work arrived than we could conveniently 
handle with our workforce. The waiting time that was necessitated by this 
“anlucky” workload is shown by crosshatching. This represents time 
which the machine was down and could not be worked on because the 


‘repairmen were all occupied on other jobs that had arisen earlier. There ~ 


is a great deal of idle man time and still a fair amount of required idle 
machine time. 


Figure 2B shows still another portion of the simulation in which a 


greater amount.of work happened to arrive; that is, more 9’s came up in 
our throw of the dice. At the bottom of Figure 3, the arrival of this work 


is shown, while the top indicates when the waiting time occurred, One © 


hundred hours of system simulation are charted. 


At this point we have simulated the operations of our greatly siraplified a 


management system in the laboratory. This has been done without disrupt- 


ing the organization by removing one employee, and without. waiting until 


_ working habits settle down so that a real live time study will produce 
meaningful data. . 
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Simulation wiih. Two, Four, and Five Repairmen,. Performing simula- 
tions for two, four, and five repairmen, we obtain data that can be sum- 


‘marized as follows: 


Number of Repairmen 


2 3 4 5 
Breakdowns per hour (average) 1.78 1.95  - 1.97 1.97 
Hours per repair (average) .994 972 970 -970 
_ Machine running time (per cent) ; ' 79,5 87.8 89.6 90.1 
Idle repairmen time (per cent) 13.5 36.7 52.0 61.6 


~ Bxamination of these data indicates that we gain in machine utilization 


through employment of additional repairmen. We note that there is a 
smaller increase in machine running time as additional repairmen are used. 

Our simulation is now completed, and we are in a position to apply 
costs to the data in such a way as to make.a lowest-cost solution. 


Utilizing the Results of Simulation in Making a Decision 


Suppose it is our intention to turn out a specific amount of production 
per week and that we will work on Saturdays, if necessary, in order to turn 
out this planned amount. Suppose, further, that considering the overtime 
and standby labor involved, we have ascertained that idle machine time: 
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~~ costs us $5.00 per hour, Our ‘regular repairman rate is $2.50 per hour. 


Now, with the data on page 45, we can compute the cost per machine 


hour of operating with different numbers of repairmen:. 


—2.50 


c/ ‘ndchpie hour - = a 


-+ 5.00 (1—% machine running time) 


Where: 
‘pf = number of repairmen 
m = number of machines in. group. 


Figure 4 shows the results of our computations. In this case, our decision 
is indicated quite clearly—we should change to three repairmen instead of 
‘the four currently used. From Figure 4 we can also estimate the annual 
savings—which turn out to be $4,200, with the same total production 
possible. While this is a small amount, the relative size of the problem 
should be re in mind. 


 Menaa sient Experimentation 


At this point, the manager of the affected department may well have 
some ideas concerning how he could get better results than indicated. He 
may, for example, suggest that giving priority to certain of the repairs that 
arise during any hour could improve the machine utilization or that pur- 
chase of “more reliable” machines would be a better course of action. The 
system simulation: can easily be extended to pot this manager to try 
out his ideas, 


Scr eon she sasnt Seopa pga dens ae 
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Priority Versus Arrival Scheduling of Repairs. In the simulation as it 
was originally performed, the repairs were handled in the exact order in 


_ which they arrived. The manager has suggested, however, that the shorter 


repair jobs always be done first when conflicts arise. This system, referred 
to as “priority” scheduling, requires the supervisor in charge to keep track 
of all the repair jobs, arriving in any hour and assign them in accordance 
with the rule of “the shortest repairs first.” 

Let’s use simulation to consider the effect of this procedure, performing 
our experiment in exactly the same manner except that we apply our prior- 


_ ity rule. When it has been completed for the various number of repairmen, 


we have the typé of data plotted in Figure 5, 

We note that there is a slight gain in applying this priority rule. To 
evaluate it, we merely estimate the savings obtained as against the. cost of 
having someone to do the scheduling. The manager is now in a position to 
determine how sophisticated a system he should employ in controlling his. 


- repair personnel. 


Introducing More Reliable Machines. To determine the effect of intro- 
ducing more reliable machines, we perform the same simulation except 
that we alter the probability of breakdown in a given hour from .1 to .05 
and to .01. This requires the use of two digit numbers from our table of 
random numbers, For example, we might Jet the numbers 00 to 04 repre- 


‘sent the .05 probability of a breakdown. The result is the operating curves 


shown in Figure 6. With these data we are in a position to evaluate the 
economics of purchasing more reliable machines, 

This situation can be thought of as similar to the loading or setup re- 
quired in a job-lot production shop—with, of course, the concept of idle 
machine time due to breakdowns directly ee by that of setup time. 


THE USE OF THE COMPUTER 


Generally speaking, sizable problems that are worth exploring with any 
degree of thoroughness are most effectively and economically handled 
through the utilization of an appropriate electronic. computer, The volume 
of detail and.the number of hours that must be simulated in order to arrive 
at meaningful results usually demand that such a program be developed. 
In fact, even a problem no-more complex than our example, when extended 
to include other conditions that would make it more real, can be explored 
more efficiently and quickly if a computer is available. 

In preparing a problem for the computer, the analyst generally prepares 
a logical flow diagram showing the sequential steps involved. Figure 7, 


. relating to our illustrative example, is representative of the type used not 
~ only in describing the problem, or system, under study. but also in pro- 


gramming the computer. 
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- Perhaps the most dramatic aspects of system simulation lie in its ability, 
with the help of such devices as the electronic computer, to reproduce the 
workings of large-scale systems. However, while such ambitious programs 
are of great interest, it should be. borne in mind that their success is depend- 
ent on experience with many smaller simulations, the development of 
adequate data, and consideration of the numerous mathematical and statis- 
tical problems. that are involved in constructing a feasible and economical 
model. Those who. look upon broad, full-scale models as panaceas in the 


decision-making area will therefore be well advised to engage in smaller 


‘projects at the outset. This will prevent certain disillusionment and make 
for a more meaningful research program. 


Industrial Applications of 


System Simulation 


TA MAY, “1957, symposium on system simulation,* the progress 
and results of several ambitious simulation projects were presented. 
. A quick listing will perhaps give an idea of their scope and content: 


: Company or Organization : é : Type of Simulated System 
. United Air Lines -- Airport station model 
General Electric Company Production control model ; 
Imperial Oil Limited - .. Distribution and inventory control 
: models - 
Port of New York: Authority Simulation of peak-hour bus operations 
Office of Naval Research Simulation of cargo handling 
Southern Pacific Railroad ; Freight car inventory and distribution 
RAND Corporation . ; 1. Air Force system training 
Den SPL ' 2. Air Force logistic system ~ 
Operations Research Office, : _1, Army QM requirements forecasting 
The sous Lopkins University ‘simulation 
: 2. Army Bn maintenance system simu- 
. . lation 
California Texas Oil-Company, Ltd, Decision model—Caltex group opera- 
ae : _ - tions 
Thompson Products, Inc. . Inventory control simulation 


HIGHLIGHTS OF TYPICAL ACTIVITY 
~ Let us discuss very briefly a few of these applications that are indicative 


of the system simulation activity under way in the business world and in 


military research groups, 


“AIRPORT STATION MODEL ; _ 
United Air Lines has set up and operated a simulation of the activities 


involved in operating a large airport such as New York’s La Guardia Field... 


This simulation is referred to as the “station model” and has been success- 

_fully run on an IBM Type 704 electronic computer. With it, several months 

of actual Operations: at an air terminal can be simulated in a matter of 
minutes. 

If we will visualize the “flow” of a plane through an esbie and all 

_ the factors that affect the time spent in landing, taxiing, maintenance, 

loading, and the like, we can readily understand the complexity of the 


. *Symposium on System ‘Simulation, New York, May 16 and 17, 1957, co-sponsored by the American 
Institute of Industrial Engineers, the Institute of Management Sciences, and the Operations Re- 
search Saciety of America. 
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problem. The flow diagram for this simulation will, in fact, be considerably 
more complex than that shown on page 48 and will include such essential 
elements as these: 

Time of day, year, week, 

Weather conditions. 

Need for maintenance. 

Type and length of repair job. 

Availability of spare aircraft. 

Delays in landing or take-off. 

. Absenteeism of personnel. 

8, Number of maintenance personnel. 

All these uncertainties, as well as company policies and practices, are 
built into the station model. Management can change the number of spare 
aircraft, or the manpower schedule, and simulate operations under any 
’ new conditions which it would like to test. The computer is programmed 
to provide such data as expected idle manpower, expected idle equipment, 
utilization of maintenance docks, and delays in take-off. By comparing the 
expected performance in terms of these data with the cost of obtaining that 
performance, decisions can be arived at that will produce the best over-all 
operation of the complex airport system. 

At this point, perhaps the greatest gain from the sinidtation has been to 
instill the concept of systems thinking in management and to provide a 
format for reasoning and decision making in the broader problems of 
system performance. 


yO es 


DISTRIBUTION AND INVENTORY CONTROL MODEL 

Imperial Oil Limited, of Canada, was faced with the problem of deter- 
‘mining the best system of warehousing petroleum products, tires, batteries, 
and the like, Several alternative concepts were suggested. Patrick J. Robin- 
son, coordinator of marketing research, describes one company use of 
simulation as follows: 


Some years ago the company had a problem which appeared to stem from the need 
for enlarged and modernized field warehouses all across Canada. Since there were 
many hundred field warehouses involved, the cost of an extensive expansion pro- 
pram would have been very high indeed. The problem was.to determine what was 
required and how best to go about meeting the difficulties arising from severe 
overcrowding at many field plants. Preliminary examination revealed that in most 
instances the field warehouses were overstocked to the point of inefficiency. In 
addition, the garage facilities were generally taken over as additional storage 
space, and in many cases the yards around the plants were crowded with barrels 
which were left out of doors. Many problems arose as a result of these conditions. 
For example, in some cases there was more than a year’s supply of an item on 
hand at one location. In other cases, run-outs were occurring and emergency 
arrangements were necessary to fill customer requirements. Costly transfers or 
rush orders from the central supply point in eastern Canada were frequent. The 
customer was being well seryed—but at an excessively high cost to Imperial Oil 
Limited. ... 


TOP, MANAGEMENT DECISION SIMULATION 


52 


“ake TRA LUTE a a aH atm 


| BTDINDA Man aM 


swaysks payeyniuis ayy ur seadde yey) suoneas pue sjuaiwaa juRLOdWY ayi Jo aus siIqIYyxa jnq {eye UL ajafdiwod jou st SIU» 


1 


MOLLIONOD 
BDIAMAS OL 


dONtHIE 
w¥a 002 135 
BIBNIA $3900 


Pa} 


cus At 3S73 
FMIMMANY CANIY1RO 
38 Ldvd NV 


613437 °03 Lv 
NVUvaAY Gav 
SAA [OIMINGIU Lewd St 


WALSAS JONVNALNIVA 


cOMIRIS 
wv2 001 130 
D3iwaA $204 


2ZITWAINA YS 


ef 
saa | 44039 _a7@yTIVA¥! 


WOUL33S UNIV 
vg OL w3d3M 


mn 

a 6024 've2u_ 39 
exvavivay 

SINVHIZN SI NOILYZINVONS 

. "HOWA dod AVHA 1¥ 


BAAN 


a} QINGHS TZAR7 


a 


ava! svas 
NOLLY ZITW@INA YD 
sl 


NONLIGNOD — 
$,3191H3A 
dO ON0934 INVA 


t 
eMIMCdN YN 
BONYNALNIVA 
40 SS29K3 
NV 343HL SI 


<oauNinoay 
JOMVNGINIVR, 
2V8VuwsaI S$) 


cr4 


<403NINYX3 
. Naga Ye ND 
SAIIHAA S34 


Viv aavHK 


3131HaA 
WAN BNINYX 


EEL) Ps 
67 1213A 40 

aan NOILIONG? S} YHA AH ay 

ANUIMGAOM 

AMIPOVON] 


On 


* 


et 
oMt¥e7s ONILivAY 


sus 3n3nG MI 
DIDHIA Bt 


ug YOd «NVUOVIG MOTE AUVAWAS 


<4 
4INT ANIL INO 


wzLNdNOD 
BONVAGY, 


vel 


suaus 
DINYNILNIYA 390 


(SS3Wi8) TZA3T 
aNDilvd MI3HD 


€0279v0Na Ye 
St AMAILOV 
40 BAL LVHM NI 


ma CAA SENN 


INDUSTRIAL APPLICATIONS 53 


Since much of the cushion stock had previously been carried in the field plants, 
there were substantial reductions potentially available through centralizing re- 
| serves and thus reducing the insurance stocks carried at the isolated plants. In 
_ ' addition, high-speed filing facilities permitted much of the central stock to be 
concentrated in butk in semi-finished form. Furthermore, complete carload rather 
than less-than-car- or vanload shipments were facilitated. Essentially, a relatively 
uniform manufacturing operation was being protected on the one hand, and a 
fluctuating customer demand was being protected on the other. In between, com- 
plex supply networks were carrying the necessary products across the length and 
breadth of Canada. ... ; 
The problem of demonstrating to management at the outset that a huge central 
warehouse was indeed a desirable thing was handled by several means. One aid 
was a.device which might be referred to.as a glorified pinball machine. This 
simple electric and mechanical model illustrated the basic features of the inventory 
control system. It was definitely a demonstration device and had not been at any 
point used for research purposes. However, in order to provide further information 
on refinements of the integrated system at the central facility, and to insure that 
any major bottlenecks would be spotted in the preliminary stages of planning 
rather than in actual operation, some means of actively demonstrating the work- 
ings of the system under various conditions had to be devised. This was particu- 
larly essential and difficult since no central warehouse facility had existed previ- 
ously and, as a result, there was nothing suitable to use for comparative purposes. 
However, after some thought we decided to program a large-scale electronic com- 
puter at the University of Toronto on which to base our simulation of the entire 
central warehousing system, : 
First, we worked with management in the manufacturing operation to develop a 
detailed flow diagram which represented the system and the decisions that would 
have to be made, Then we worked with the Computation Center: personnel to 
devise a program of instruction for the computer, such that we could provide it 
with all the basic information, control points,.and other pertinent data, including 
various practical constraints. With this information in the. machine, we could give 
the computer an initial set of inventory levels for the many hundreds of items 
being stocked, and provide it with a detailed daily recapitulation of orders from 
field plants that had taken place in actual operation in previous time periods. 
Data for‘a number of critical months were particularly useful in testing the system 
for possible shortages. .. . a4 ; : 
The computer was programmed to print out periodic stock reports to indicate 
the inventory levels, and in addition to provide information on all unusual condi- 
tions such as shortages or waiting lines for-facilities, These were then analyzed . 
so that refinements could be introduced into the actual operation, 
oa . 


ARMY Bn MAINTENANCE SYSTEM SIMULATION 

The Operations Research Office of The Johns Hopkins: University has 

been studying the problem of maintenance of equipment in an army’ bat- 

_ talion, The question of how many mechanics to include in the organization, 

and how many and what parts to carry under varying conditions of desired 

mobility of operations, presents a very difficult problem—particularly 

when required data are not available. Further, there are pressures to keep 

the number of non-fighting soldiers to a minimum and also to have equip- 

:l ment maintained so that it is as nearly ready to perform at top rate, at all 
times, as is possible. 


The accompanying summary diagram indicates the variety of considzra- 


on 
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tions involved in this simulation, Examination of the different boxes will 
_ disclose the kind of data that must be collected and stored in the computer, 


‘the policies that must be decided upon, and the nature of the bookkeeping — 


operation that the computer must perform. 


- Operation of the model will permit the effect of Various basic: loads of 


aepaie parts that are carried, the resupply rate that is contemplated, the 
number of mechanics assigned to the unit, and so forth, to be estimated 


under different operating plans. It is hoped that such study will give insight: 


into the. best balance of maintenance manpower, parts, and mission-per- 
. forming ability, : 


- COMMON THREADS IN THE USE OF SIMULATION 


A survey of simulation users gives us the answers to two questions that 
are of interest: (a4) Why use simulation—in other words, what is its pur- 
pose? (6) Under what conditions and for what type of problem is it used? 
The purposes.of system simulation may be summed up as follows: 
_ 1, To train people in their duties in a complex system. 

. To learn about the operation of a complex system. 

. To experiment with possible or suggested changes in policies, proce- 
dures, men, and machines cinder laboratory conditions and in a 
dynamic context. : 

4, To provide a master plan for systeinatie: management research lead- 
ing to the development of new decision-making systems, 
5. To study the decision maker. 
The conditions under which simulation has been employed ne the 
following: 
1. Where direct mathematical methods are not adequate. 
.2, Where detailed procedures must be developed and alternatives can 
be evaluated only in terms of total system costs, 
3. Where uncertainty, or variability of data, is an important factor. 
4. Where large, complex problems with many.interrelated factors are 
to be studied. 
5. Where disagreement exists between affected parties in ‘coma to pro- 
posed changes. - 


wh 


WHAT ABOUT COMPETITIVE SIMULATION? 


In many situations, the effect of competitors’ or opponents’ actions also 
is a most important factor in the performance of an organization or broad 
system. Hence the value, in ‘military operations research, of competitive 
simulation—or war gaming—in bringing out the likely actions of an oppo- 
nent and in developing data for use in analyzing ay pore tactics im- 
ee by various strategic shunuons: 
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_ In industry, the use of competitive simulation has not yet developed to 
any great extent except in rather static planning forms. It would appear, 
however, that organized simulations of competitive situations many eventu- 
ally became very useful ‘aids in planning and. training management,. 

* 2 ie * 


The future of simulation in general looks bright. Its use is becoming 
fairly widespread; and, as the exchange of technical information becomes 
more effective and greater facility with computers is achieved, we should. 
see many broad system problems studied. 

The next big area for research would seem to be that of competitive 

. Simulation. From such study should come the better definition and under- 
standing of the competitive mechanisms that are so important in the world 
of industry, 7 ae 

As a start in this direction, the American Management Association has 
undertaken research into the development of multi-sided, multi-phased 

_ business games which already seem to offer some insight into these com- 
petitive mechanisms. One such project is Top Management Decision Simu- 
lation, 


| —- PART TWO 
Development of the AM_A Game 


BASSET rR eT 
SSSI OnE Senet 


- Over-all: Approach: Establishing 
| The Basic Pattern 


ie THE war games conducted by the Armed Forces, command officers 
. of the Army, Navy, and Air Force have an Opportunity to practice 


decision making creatively in a myriad of hypothetical yet true-to-life 


competitive situations. Moreover, they are forced to make decisions in 
areas outside their own specialty; a naval communications Officer, for ex- 
ample, may play the role of a task force commander. , 

Why, then, shouldn’t business men have the same opportunity? Why 
shouldn’t a vice president, say, in charge. of advertising have a chance to 
play the role of company president for fun and for practice? Why not a 
business “war game” in which teams of executives would make basic deci- 
sions of the kind that face every top management—and would see the 
results immediately? 

From these questions grew AMA’s Top Management Decision Simula- 
tion, After an exploratory visit to the Naval War College, a research group* 
was formed and work began on a game which would eventually become 
part of an AMA course in decision making. This in turn, it was hoped, 
might lead to a sort of “war college” for business executives. 


TYPE OF PLAY ENVISIONED 

The key to the game was to be a mathematical model of business, a 
group of cause-and-effect formulas that would determine the results of 
cach move made. 

So that results could be clearly measurable by the players, it was felt 
that the game should be quantitative; it should not be qualitative, nor 
should it involve human relations directly.That is, except for the role- 
playing element and the inevitable interaction among team members, it was 
not designed to deal with human values or motivations, organizational 
problems, or anything else in the area of so-called humanics, 

The game was to be simple to play yet realistic, although the research 
group realized that attaining such a goal is a real problem in any simulation 
situation. There were to be enough variables to make: the play at least 
approximate actual business situations, but not enough to detract from the 
emphasis on pure decision making by encouraging the participants to apply 
the ground rules of their own companies and their own industries to the 
*This research team was headed by Franc M. Ricciardi, AMA Vice President in Charge of Divisions, 
and was composed of Clifford J. Craft, AMA Division Manager—Manufacturing, Charles Clark 


and Donald G. Malcolm of Booz, Allen & Hamilton’s Chicago office; and Richard Bellman, who 
is associated with the RAND Corporation and with Booz, Allen & Hamilton, 
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game. On the other hand, it was not to be a “rule book” game, with 
voluminous and complicated instructions; a player should require no more 
than an hour’s preparation before he could start. 

Conditions would be provided, in short, under which a few hours of con- 
‘centrated decision maine under pressure would simulate years of business 
eaReHene es ; 


-. CHOICE OF MANAGEMENT LEVEL 
The research group’s approach to the many problems involved in de-_ 
veloping the model is, of course, reflected in. the character of the resulting 
game. 
First of all, it was necessary to select the level on which the model would 
operate, to choose between top management decision making and that of 
such operating situations as machine loading, inventory control, mainte- 
nance, or production scheduling. The top management level’ was selected 
- for several reasons: It was considered desirable to have a game that would 
be. suitable for top management participation, that would provide a chal- . 
lenge for presidents, vice presidents, and line and staff people on the cor- 
porate and top operating levels. For specialists and lower-echelon players, 
this top management decision level seemed likely to provide maximum 
exposure to the total panorama of running a business. And for all types 
of players, it was felt, the top management area would best typify the whole 
_ decision-making process. - 


FACTORS FOR INTERACTION 
. At this point, the group had to determine the factors that would interact 
-with each other in the conduct of the game. 


A list of more than 20 key decision areas was therefore developed, 


ranging from total marketing effort to make-or-buy problems, From this 


‘list the group selected four that it considered, not only typical of situations 
requiring top management action, but critical to business as a whole. These 
four areas were production, marketing, research and development, and 
expansion of production capacity through capital investment. 

' This fundamental decision pattern could, in the group’s opinion, be com- 
bined into a simple’ game which would allow a wide variety of sensible 
allocation strategies. It remained unaltered during the many additions and 
revisions that were made as the four elements were combined into a work- 

- able procedure. 


THE PRICE ELEMENT 

As it first took shape, therefore, the game involved the allocation of cash 
resources to the major factors of production, marketing, research and 
development, and expansion of production capacity. It-was then apparent 
that a market had to be created in which the interrelating effects of the. 
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players’ allocation decisions could be realized. And, in such a market, it 
seemed natural to permit each player to set his price. 4 

This brought into the game another decision to be coordinated with the 
basic allocations of cash. For example, a player who chose to expand 
production capacity could utilize this capacity by lowering his price, or 
a player who invested in promotion could exploit the resulting attractive- 
ness of his product by selling at a high price. The essential decision re- 
mained that of cash allocation, but the player had to think beyond the 
allocation to his strategy for realizing the objectives to be achieved on the 
basis of the allocation. 


’ AVAILABILITY OF INFORMATION 


It was hoped that the “good” player would achieves a superior result over 
the complete game through intelligent interpretation of its history. But this 
led to a difficult problem: How could a player recognize from the results 
of his decisions whether his strategy was good? It was therefore decided 
that each player should know the effects of the joint decisions of all the 
players on his sales and his unit cost of production. Furthermore, each 
player should have partial information about his competitors. 

But a change in a player’s position might be the result of some special 
temporary aspect of the market which more than offset the effect of his 
- own choices. As an example, take the problem of having to estimate the 
. return on his investment in research and development. R&D pays off over 


“62. , TOP MANAGEMENT DECISION SIMULATION. 


a long period of time; hence, when a player made an experimental change, 
observing the resultant change in profit. might be a slow process extending 
ovér many periods of the game. 

So, to help the player gain a better understanding of the profitability of 
his investments in advertising and R&D, it was further decided to let him 
buy information about the change in his profit position, during a particular 
quarter, that would have resulted from a slightly different allocation of his 
cash. 


CONSTRUCTING THE NECESSARY FORMULAS 
During the game’s development, it became necessary to construct formu- 
las that would’ determine each player’s share of the market on the basis 
of the joint allocations of cash by all the players. An attractiveness’ was 
computed for each team’s product, and the total market was divided among 
the players in proportion to their respective attractiveness factors. Obvi- 
ously, a product’s attractiveness should increase with a decrease in price, 
and with increased allocations to promotion and to research and develop- 
_ ment. Increased attention to. R&D should also decrease the unit cost of 
- production; which is influenced by high utilization of productive capacity 

and by increased production as well. 

It was not easy to find appropriate formulas for quarterly sales and. unit 


cost of production, since these had to be simple enough to permit rapid. 


computations, and produce a sensible game with an-appearance of realism. 
The research group felt free, however, to accept any formulas that appeared 
sensible from a qualitative point of view, because it knew of no general 
quantitative relations between such factors as advertising and sales.” 


TRIAL-AND-ERROR PROCESS 
‘The work proceeded in an orderly way. Provisional formulas were tried 
out during actual play of the game in its early versions, and improvements 
_were slowly made.. This trial-and-evaluation procedure led not only to 


appropriate formulas but also to modifications in the game’s qualitative: 


elements. As an example, each team must have a certain amount of cash 
available to allocate. But the cash position of a company at:any phase of 
-.the game is a complicated function of many prior decisions, and it is diffi- 
cult to devise a set of formulas which will keep the cash position .and many 
other variables at a reasonable level. Taxes were introduced into the game 
partly to help control the level of available cash. 

_ It seemed desirable to. have a game in which the best strategies were not 
extreme. Also, the formulas should not allow one aspect of play to domi- 
nate; rather, the greatest. success should come to a player who made a 
balanced selection in three or four of the fundamental areas for investment. 
This objective was gained by much trial and readjustment of the numerical 
constants in the formulas, as well as the formulas themselves. 


22a ea ea 


SSUES eo a ieem eT a in ein a om ic an ts CMI a Se SA a a ES RS 


OVER-ALL APPROACH - 88 


THE PLAYERS’ VIEWPOINT 

A requirement very difficult to implement was that in game make sense 
from the players’ viewpoint. It would have been much easier to build a 
game in which outsiders could enjoy the antics of the guinea pigs, and it 
would also have been interesting to observe the actions of the player- 
“executives making their decisions on the basis of actual business experience. 
But the group did not want a testing ground for the players’ prior convic- 
tions. Instead, it wanted a game in which rational decisions could be made 
at least. partly on the basis of the game’s progress—which had a serious 
bearing on the information to be furnished each team. 

The group decided that the formulas for converting decisions into their 
effects should be withheld from the players. Otherwise, the teams could 
play the formulas instead of thinking in terms of the ‘business situation 
simulated. This, however, raised the serious problem of the players’ basis 
for a rational choice. The first decisions were made without knowledge of 
their specific effects; hence the players had to be prevented from initial . 
choices that would condemn some teams to hopeless positions. The game 
was therefore started under the fiction that it was already in progress. The 
players were told the allocation of cash that had been made for the period 
‘prior to the start of the play, so that the first decisions were in the nature 
of deviations from an established policy. Furthermore, all through the game 
any allotment of resources could vary from the previous allotment by at 
most a small amount. Thus, if a player started with a poor policy, he should 
be able to discover his error and make an aPpFCpelale: adjustment before 
his position became hopeless. 

- One consideration kept in mind was that an individual would play the 
game only a few times—typically once—without the benefit of others’ 
experience. Chess, in contrast, has been played over the centuries by many 
experts, and a store of knowledge about good play has been accumulated. 
But, so far as the AMA game is concerned, any richness beyond the imme- 
diately obvious seems lost from the viewpoint of the typical player. Of 
course, the directors can learn by observing the results of many different 
strategies, yet such knowledge is of no use in improving decision-making 
skill—which is, of course, the game’s primary objective. Partly for this 
reason, the opportunity to purchase information was introduced. 


POSSIBLE GOALS 

A final problem was that of establishing a goal for the players. They . 
might endeavor to maximize profit over the period of play, but it would _ 
also seem advisable, at the end of the game, to consider differences in unit 
cost of production, production capacity, and share of the market. 

On the whole, it appeared wise not to rank the teams at the close of play; 
therefore, a formal evaluation procedure was not provided. 


Major Difficulties of Construction 


UMEROUS questions which at first seemed quite abstract, and of. 


theoretical interest only, turned out to have a crucial bearing on the 
structure and play of the game. In general, however, five principal diffi- 
culties: confronted the. research group at the start of the project—all of 
which had to be overcome, by-passed, or minimized. — 
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WHO WINS AND WHY? 


"Why was it decided not to evaluate the teams’ performance formally— 
that is, not to announce-a “winner’’? ; 
In playing any game, one of the first questions that naturally arises is the 
_ problem of determining how the winner shall be chosen, So, when we turn 
.to a business game, it seems at first glance an easy matter to use such 
familiar barometers of business weather as total assets, profits, and share of 
the market to evaluate outcomes. A little reflection, however, will reveal the 
disquieting fact that these data are static; and therefore not entirely reliable 
"in assessing a dynamic process. 


In judging a business enterprise, we require not only information of tis 


type cited but also a knowledge of the rate at which total assets change, a 
- comparison of last year’s profits with profits over similar periods in the 
past, and. other such data. In short, we constantly search for trends which 
will enable us to predict the future. 

Suppose for the moment that we possess both current data and an ade- 
quate history of past events. There still, however, remains the problem of 
evaluating this information. What is needed is a convenient yardstick for 
converting a statistic concerning, say, share of the market into one con- 
- cerning a profit. Generally speaking, we want a uniform method for evalu- 
ating the success of a business, given. the information described. 


DIRECT COMPARISON IMPOSSIBLE 
This is a problem which has plagued sports enthusiasts. ever since they 
began keeping records. How would we compare Babe Ruth and Ty Cobb? 
Who was responsible for winning more games—the big fellow who might 
score a home run at any time, or the Georgia Peach who ran the bases as 
" if he had an exclusive lease on them, rattled the opposition, and demoral- 
ized the pitchers? Which is the better football player—the block of granite 


__ in the line, the flashy halfback, or the bull’s-eye passer? Who was the best 
Ee DEMS Bouis, or John L, Sullivan? © 
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Similarly, in the artistic world, we recognize Rembrandt and Van Gogh, 
Mozart and Bach, Mark Twain and Voltaire, all as masters. Théy are 
giants who tower. above their fellows, and—though we may concede differ- 
ences in type of genius and the worlds in which these men lived—that is 


about all we can say, 


The Situation is similar in the business world, We know that success 
depends upon a number of factors which cannot be directly compared. 
Consequently, there is no simple method available for evaluating policies. 


As a matter of fact, one of the functions of a business game is to furnish 
criteria of this type. 


EFFECT OF COMPETITORS! ACTIONS 


‘Let us assume, however, that we have decided upon a definite measure 

of success, determined by profit, dividends, assets, and so forth. Tt is natu- 

“fal, then, to suppose that winning play consists. merely of making this 

measure as large as possible, i: 
Although this is, of Course, true, its adoption as a direct Policy is tre- 

mendously complicated by competition. Owing to the interaction that exists _ 
between competitors, the return to each side depends upon the actions of 
all. Tt follows that no one team can play optimally without paying close 
attention to the decisions of the rest, As in football, plays that look fool- 
proof in skull practice can backfire when the opposing team shuffles its 
defense. ae 
There exist a number of mathematical theories, all part of the theory of 
games, which are designed to treat competitive problems. However, despite 
their enormous conceptual importance, they have as yet yielded no useful 

' criteria for most realistic competitive processes. At the ‘moment, we have 
no mathematical technique for uniquely defining optimal play. We cannot 


expect any aid from that quarter in resolving our problem of who wins and 
why. 


AN: ADDED. VALUE 


As a consequence of this general lack of agreement concerning optimal 
play, it can happen that a policy which works quite satisfactorily in a game 
with one set of players may be disastrous in a game with a different set of 
Players. Optimal play for one player depends upon the Philosophies of the 
others. This is a well-known fact so far as card games are concerned. 
Optimal play is a combination of certain basic principles and information 
gleaned concerning the psychology of the opponents, , 

But the fact that optimal play cannot be rigidly determined does not 
destroy the usefulness of business games; rather, it enhances their value. 
With their aid we have a fairly straightforward means of exploring the 
effects of large classes of diverse policies, ; : 
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7 It is worth emphasizing, too, that even in situations where optimal poli- 

cies are known it is still worth devoting considerable attention to the effects 
of simple policies. Frequently, optimal policies are too complicated to be 
put into practice. This means that we must chave feasible approximate 
- policies available, although it is clearly not sensible to consider: policies 
which possess a higher degree of complication than the underlying model. 


2. 
HOW SHOULD DECISIONS BE EVALUATED? 


In the course of play, each team is required to make a number of deci-. 

_ sions. These, it will be recalled, concern the allocation of money, the level 
of production, and the price of the manufactured item. However, while 

’ we know that share of the market depends upon marketing budget, research 
and development, and price, we.do not know the precise degree of depend- 

- ence, Certain qualitative features are obvious, but quantitative information 
is unobtainable, Oe 

_ The problem facing the game’s ‘designers was, therefore, to build into 
‘the model the interrelationships of these factors. Should share of the mar- 


ket, for example, be based on decisions in the areas of marketing, research . 


and. development, price, and plant capacity? If these are the determining 
factors (actually, they are not the ones that weré ultimately chosen), what 
: should be the relationships among them? : 
One way to answer such questions. would. have been to conduct an 
empirical study to determine. what these value relationships really are— 
that is, to analyze an actual industry situation to find out which factors do, 
in fact, influence cost, share of the market, price, and the like, and then 
to determine the mathematical relationships that exist among them, How- 
ever, this approach seemed to have major shortcomings. Even if the neces- 
sary study could be conducted—and its validity would be doubtful—it 
would probably represent the results of only one company’s operation, An 
industry-wide study would be more valid but would nevertheless, represent 
the situation in that industry alone. Moreover, it would be extremely costly, 
and the game had to represent business as a whole. 
_ The alternative to conducting an empirical study was to make use of the 
_ general assumptions accepted by most economists—for example, that quan- 
tity, sold varies inversely with price and that marketing expenditures tend 
‘to increase the attractiveness of a product, at least up to a certain point. 
The relationships among the other factors chosen to be built into the game 
‘also are known in a general way, as are their relationships to the over-all 
business operation. Since the game, after all, was to be a training device, 
not an analytical tool, the idea of making a special study was therefore dis- 
carded in favor of using accepted generalizations. 
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3. 
__.. HOW DETAILED, AND REALISTIC, SHOULD THE MODEL BE? 


As we know, the only truly accurate model of a business process is the 
-process itself. It follows that any simulation process we construct must be 
an approximation, The difficult question we always face is-that of deter- 


mining the degree of realism, equivalent to eornpheation: that we wish our 
model to possess. 


OVERCOMPLICATION VERSUS OVERSIMPLIFICATION 


In the first place, the complexity of the model we build is dependent to 
a high degree upon the depth of the answers we wish to obtain and the 
lessons we wish to teach. It is necessary, therefore, to tread a narrow path 
between the pitfall of overcomplication and the morass of oversimplifica- 
tion. 

If the model is overcomplicated, it is impossible to isolate cause and 
effect. If the model is oversimplified, it lacks sensitivity to gross changes in 
policy. In either case, little can be learned from it. 

Frequently, a great deal of trial and error is required to determine the 
proper level of complexity. What may seem like a negligible change—say, 
the addition of a few more state variables (decision areas)—may increase 
the effort required by thé players, the quantity of information required at 
each stage, and the computational effort required. on the part of the 
machine, all at a tremendous speed. As wé:have pointed out in previous 
chapters, combinations of quantities increase at a phenomenal rate as the 
number of quantities increases, and we must also remember that a mere 
increase in size and.complexity is no guarantee that an automatic increase 
in accuracy and realism will ensue. 

As a general rule of thumb, it is better to begin with simple models. 
Then, as players and designers gain experience, the complexity of the 
model can be increased, Unless one has had experience with multi-stage 
processes, it is difficult-to believe the depth and subtlety possessed by games 
with even the simplest moves at each stage. - 


PROVISION FOR CHANCE EVENTS 


It is clear that every realistic business process contains random effects 
to some degree. In this game, however, a major problem arises in in allowing 
for this element of the chance event. 

If we introduce chance behavior, for example, in determining share of 
the market, we encounter real difficulty in evaluating outcomes. Is success 
the result of a superior policy or a sequence of lucky breaks? Conversely, 
is failure a consequence of one poor policy, a poor combination of several 
| ; good policies, or plain hard luck? 


Returning to the sports world, we see that this is quite a controversial 


TOP MANAGEMENT DECISION SIMULATION 


68 


aaey sisdeyd oy 


sisal, 


“| 
4 
i 

J 

§ 


oR 


‘gjouday oui dq IsnUT Ayrordumis ‘sapna OY} TIM SaalasurIayy IZtIPI[MUe] OF awWHT 1OYs B AjUO 


1 souls “Aeld sured so sans ayi uo dnois @ sjatq ‘suo! 
PPT IRTP ENTS He pale oct 


Jo adieyS ur quapisarg 291A SYINV ‘Ipre ory “PY Ou 


Siglo 


Pig 


MAJOR DIFFICULTIES OF CONSTRUCTION - 6&9 


issue. Any number of baseball games, football games, and prize fights have 
been won on flukes, according to some accounts, or—if others are to be 
credited—as a result of clever planning. Yet how many remember that Joe 
Bush struck Ruth out on a quick pitch, disqualified by the umpire, before 
Ruth hit the homer he promised ‘so dramatically, or that Firpo knocked 
Dempsey out of the ring in the first round of their championship bout? 

Chance, in short, has played a great role-in determining who are to ‘be 
heroes. Still, it must be remembered that brilliant performers create their 
own luck, and that superior ability wins over the Jong haul. 


4. “ é 
HOW MUCH EFFORT SHOULD BE INVOLVED? 


In constructing a business game designed for a héterogeneous audience, - 
for the most part unfamiliar with the game. and with the various aspects of 
game playing, a great deal of thought must be devoted to the problem of 
the effort to be required. Let us consider three particular parts of this 
problem: (a) learning the game, (b). acquiring the necessary information, 
and (c) making the decisions. 


LEARNING THE GAME : 

. It is important to make sure that the players understand the objectives 
of the game and the purposes of the individual moves. Since the players 
have only a short time to familiarize themselves with the nls, simplicity 
must be the keynote. 

Furthermore, as we have pointed out, the game =fails completely as a 
training device unless the players can draw conclusions from the results 
of their play. In other words, they must be able to delineate cause and effect. 

Finally, let us again emphasize the fact that there is no need for com- . 
plicating individual moves unduly, The multi-stage epee of the game will 
automatically introduce its own complications. 


ACQUIRING THE NECESSARY INFORMATION 

The decisions of the players will depend to a great extent upon the infor- 
mation available to them—a feature which is highly desirable, since one 
of the purposes of the game is to highlight this dependence of policy, par- 
ticularly of optimal policy, upon information, The type of game that is 
played will therefore depend upon the amount of information furnished 
the players. This is a valuable fact for the game. designer to keep in mind, 
providing as it does a very powerful method of modification and control. 

The term “information pattern” may be used to describe the amount of 
information possessed by a player. Included are information concerning 
the player’s own position, information concerning the position of the other 
players, and information concerning the structure of the game. 
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At the present time; the game is designed in such a way that the player 
knows his assets, production capabilities, and share of the market. But it 
would be quite realistic to consider situations in which, because of time 
lags in gathering information and, forwarding it to the main office, the 
player would at times have full data (only after one or more stages had 

. passed. 

As to intonation concerning the other slivers there is clearly a wide 
‘range of possibilities between complete ignorance and complete informa- 
tion. We. can tell each player nothing whatsoever concerning his com- 
petitors, or we can tell him everything. Although, in the present game, a 
compromise position has been adopted, there is no reason why a great deal 
of experimentation cannot be carried out in order to illustrate the vital role 
played by information, : . 

We have previously discussed. the fact that no one really knows how to 
evaluate the effect of a decision to increase’ price or decrease price. Con- 
- sequently, in designing the game we again have a choice between telling 


the players the porules used to compute these effects and telling them — 


nothing, * 
Incidentally, there is no reason in playing a multi-person game why the 


situation should be symmetrical. It may be realistically assumed that some’ 


players possess more data in any of these three directions than their com- 
‘petitors. Here nga is a possible way of evaluating the worth of informa- 
tion. 


. MAKING THE DECISIONS - 

A significant question that arises in playing the game is the length of 

time to be allocated each team for making its decisions and the tools to be 
~ provided for that purpose. As has.been pointed out repeatedly, one of the 

principal purposes of the game is that of training the player to think in 
_ terms of fundamentals. If we wish him to take the long-range view, we 

must, prevent him from being bogged down in arithmetic computations and 
_ distracted by detail. 

This last is not an easy objective to attain, since it is not at all simple, 
particularly at the beginning of the game, to distinguish DEnYE SP inessen- 
tial and vital information. 

Tn the modern world, it is not so much that there is insufficient informa- 
‘tion in some areas as that there is too much, The situation is very much 
like that confronting the usual fictional detective, where false clues usually 
‘ obscure the decisive one. 

As to the work of computation, it is essential that great care be exer- 
cised to avoid putting a premium upon mathematical training or upon abil- 
ity in rapid arithmetic. The emphasis must continually be upon correct 
principles rather than upon lightning calculation. There is no reason, of 
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course, why specialized games cannot be designed to test rapid-fire ability. 
However, in the majority of business situations, there is no Shortage of 


time for decision making. 


5. 
HOW CAN STABILITY AND ELASTICITY BE ACHIEVED? 


Two essential features of a satisfactory game are stability and elasticity. 
How may these be achieved? 


STABILITY 

In the course of a football season, a superior team can be upset by an» 
inferior team or lose a close game on a fluke‘play, a blocked kick, a fumble, 
or a desperation pass, However, upon examining the records of games over 
the entire season, it is readily seen that the teams with better-trained play- 


‘ers and superior teamwork have a consistently better record. 


The same principle holds in the construction of a business game. The 
purpose is to emphasize thé worth of sound principles and long-term plan- 
ning. Consequently, we want to be sure that the state of the game cannot 
vary wildly from stage to stage as a:consequence of fluke moves on the 
parts of the players. This is what we mean by stability. 

Not that the real world does not contain examples of brilliant strokes 
which have saved apparently hopeless situations. Nonetheless, they are the | 
exception rather than the rule. Before we look for brilliance, we must know 
sound moves. A foundation of training in basic principles is the proper 
springboard for innovations. , 


ELASTICITY 


If we circumscribe decisions in such a way as to insure stability, we may, - 
however, find that'the game has become insensitive to even gross changes 
of policy. For this reason, we must steer a careful course between extreme 
sensitivity or unstability and extreme insensitivity or inelasticity. Observa- 
tion, trial and error, patient calculation—all play essential roles here. 

One Final Word: Since the purpose of the game is training, or the solu- 
tion of actual problems, we must make sure that the players act as if they 
were in the actual business situation, rather than seize upon special features 
of the game. In particular, there must not be extreme, unrealistic policies 


. that are successful. In other words, there must be no gimmicks, 


Unfortunately, it is not so easy to guard against gimmick policies as one 
might think. The checks and balances which exist in the real world may 
very often be omitted in the necessarily small-scale model we build. Quite 
often it is easier to build in an artificial guard against extreme policies than 
to include the actual mechanism which performs this vital role in the busi- 
ness situation, . 


General Structure and Plan* 


HE GAME’S basic situation is that of a number of firms producing 

a single item in competition for a known consumer market. Each firm. 

' posseses the following information concentine its position at each stage of oe 
the play:, is as * 4 : 


1. Total sales in units and dollars over the preceding time period. | : 
. Price of the item over the preceding time period. : 
Inventory position at the end of the preceding time period. 
Maximum production rate over the next time period, .and actual : 
. production rate over the preceding time period. _ 
5. Unit costs of production, for varying production levels, over the next 
time period. : 
6. Share of the market over the preceding time period. 
7. Allocation of working capital to marketing, research and develop- 
“ment, and increase in production capacity over the last period. 
8. ‘Total funds available for allocation during the next period. 


ARN: 


In addition, each firm possesses a certain amount of information concern- 
ing its competitors—for example, their prices and their total assets, 

On the basis of this information and of past history, which the players 
are allowed and encouraged to keep, a number of decisions must be made 
governing the Play over the next period. These involve the determination 
of — 


1. Price. 

2. Marketing budget. e 

3. Research and development budget. ; 
. 4, Rate of production. 

5. Increase or decrease in production capacity. 


A basic restriction on. allocations is that no borrowing is allowed, which 
means that all budgetary allocations must be covered by capital on hand, 

Concerning the effects of those decisions, the players are given only the 
following obvious qualitative market relationships: — 


"1, Increase in production capacity increases maximum production rate. 
2. Increase or decrease in actual production rate and production capa- | 
‘city involves a change in unit cost, os a | 
| 
| 


*Adapted from a paper prepared by authors Bellman, Clark, Craft ‘Malcolm, inl Ricciardi for 
publication in the August, 1957, issue of Operations Research, the journal of the Operations 
Research Society of America. 


72 


GENERAL STRUCTURE AND PLAN . 720 


3. Tigress in research and development decreases unit cost and in- 
creases attractiveness of product and vice versa. 

4. Increase in marketing expenditure increases attractiveness of susdade 

5, Increase in price decreases attractiveness of product. 

6. Attractiveness—which depends upon price, marketing, and research 
and development—determines share of market. 


The market consists of a known total demand for the item which increases 
at a certain rate per stage. 

Play continues for a fixed number of stages, with each team making the 
required decisions in an attempt to optimize its position. 


SPECIAL FEATURES 


A number of special features which have been built into the game help 
to circumvent or resolve, either partly or wholly, some of the difficulties 
which have been discussed. These special features are as follows: 


1, Absence of an explicit criterion function. 
2. Principle of marginal change. 

3. Hidden formulas. 

4. Minimal computation. 
5. Deterministic yet quasi-stochastic nature. 


ABSENCE OF AN EXPLICIT CRITERION FUNCTION 


The confusion and contradiction which are present in the statement 
of any explicit criterion function—for example, maximum profit over a 
_ fixed number of stages—led to the research group’s decision to eliminate, 
not only any analytic definition of the criterion function, but even any 
explicit mention of a particular goal. Instead, as indicated, the players are 
told to play the game as if it were an actual business operation. The burden 
is then-doubly shifted: The game must be realistic enough to motivate this 
behavior, and the players must be mature enough, and sufficiently inter- 
ested, to pursue this course. 

In AMA’s experience thus far with teams drawn from top management 
and academic ranks, there has been no difficulty in this direction. The 
imprecisely defined situation is, after all, realistic. In actual competition, 
the payoff is not well defined, and there exists no clean-cut evaluation of a 
policy. Moreover, while maximization of total profit, for example, may 
seem a reasonable goal for a 10-year period, no compasy would wish to 
continue, after nine years had passed, as though its only. aim were to make 
as much money as possible during the coming 12 months. 

Thus a criterion that is implicit, rather than explicit, avoids what may 
be termed an “end effect” and to some extent diminishes the possibility of 
optimal policies of the gimmick variety. 
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PRINCIPLE OF MARGINAL CHANGE 

“In realistic ‘processes occurring in the economic sphere, ‘there is very 
-often a time interval between a decision and the effect of that decision. 
Thus the construction of new plant capacity may take a year, planning an 


advertising campaign may take six months, and the results of money devoted 
to research and development may take years to show up. These time lags’ 


necessitate long-term planning. And, if we attempt to take. this.retardation 
into account, we encounter a formidable difficulty so far as the information 
pattern is concerned, and a further difficulty i in connection with the stabil- 
"ity of the process. , 

In the game’s present form, a certain set of quantities represent state 
variables. But, to allow a time lag, the information pattern must contain, 
not only the present state of the system, but-also a good deal of the past 
history, the amount being dependent upon the length of the lag. Not only 


is. this greater amount of detail more difficult for the player to keep track ; 


of and assimilate into the decision process, but it also greatly increases the 

computational effort required to determine the effects of decisions at each 
" stage and hence the time required per stage. This difficulty is by no means 
insurmountable, particularly with modern digital computers, although care- 
- ful thought should be given to whether the degree of complication intro- 


duced by time lags is worth the realism gained in view of the many costs 


- to both the players and the directors of the game, However, there is also 
the discontinuity in the play of the game brought about by a sudden increase 
‘in productive capacity, a sudden spurhe of advertising activity, and similar 
behavior. 3 
To counter both these difficulties, the constraint of marginal. change has 
been introduced—that is, none of the state variables can be affected by 
any décision at any stage by more than a certain percentage of its value, 
7 depending upon the individual state variable and upon the stage of the 
game. This constraint— — 
1. Automatically i insures a certain degree of stability. 
2, Forces long-term planning, since major ae require a large num- 
ber of stages. 
3. Simplifies decision making on the part of the player. 
4. Combined with the idea of discrete change, greatly simplifies deci- 
sion making, computation, and tabulation of results. 


Since realistic business processes do contain discontinuous features of. 


the type described, it is important to know whether the absence of time 
lag is a major defect. Mathematical analysis has, in fact, shown that in a 
process of. sufficient length it can be assumed that the effect of time lag 
will wash out. 
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HIDDEN FORMULAS 

The fact that in business operations there are no precise relationships 
concerning allocations and monetary return may be taken as due either 
to ignorance or to the stochastic mechanism of the actual processes in- 
volved. Hence the decision not to disclosé the formulas used by the com- 
puter to determine the outcomes of decisions, but to give the teams only 
the structural information already outlined. 

Apart from providing added realism, this decision— 


1. Forces the players to think in terms of general concepts and policies. 
2. Equalizes the mathematical level of the teams, 

3. Simplifies decision making and reduces the time required per singe: 
4, Helps to prevent gimmick poncies: 


MINIMAL COMPUTATION 

If a great deal of value is to be derived from playing the game, it is 
essential, as we have said, that the maximum effort of each team be devoted 
to thinking in terms of basic policies, and that a minimum of effort be 
spent on inesséntial calculation, In parieilie, the amount of arithmetic 
work should be kept within bounds. 

Especially helpful in this context is the concept of marginal change, 
which automatically forces each team to consider at each stage only a 
small set of decisions associated with its current position. Thus, for example, 
if the price of the item chosen by a particular team is $5.00, and we allow 
a maximum change of 4 per cent in the price over any period, there is 
room for choosing a figure between $4.80 and $5.20. But a choice of 41 
different prices, which we obtain upon: permitting changes of a penny, is 
still too free—puarticularly in view of the fact that the team possesses a 
slight rational basis for a choice between $5.11 and $5,12, say, as a con- 
sequence of the hidden formulas discussed. Hence, we introduce as: an 
additional constraint the condition that, within the 4 per cent range, the 
price can vary only by multiples of 5 cents. 

The team thus has a choice of seven new prices: . 


4.80, 4.85, 4.90, 4.95, 5.00, 5.05, 5.10, 5.15, 5.20. 


Furthermore, this range of prices is tabulated for the team at each stage 
by the digital computer, together with a table of other admissible alloca- 
tions and decisions. ; 

This further principle of discrete steps, combined with a tabulation by 
the computer of possibilities for each team at each stage, considerably 
reduces the arithmetic labor of each team and almost completely eliminates 
. the possibility of trivial computational errors on the part of the players. 
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a DETERMINISTIC Yer QUASI-STOCHASTIC NATURE 


In order to spotlight the effects of policies, and to some extent prevent 


~ the onus of failure from being shifted from the: player to chance, it was 


decided to use a deterministic model, af of 
Nevertheless, the game possesses stochastic features. Since there are no 
guiding rules for optimal play, the type of game that develops depends to 


an overwhelming extent upon the composition of the teams—which is ‘to _ 


say, the philosophies and psychologies of the individual players. The chance 
element is actually present in the random choice of players. 


The same player, pursuing the same policy, can do very well in one run — 
of the game and very poorly in the next. Thus the game possesses the — 

_ desirable quality of forcing the player to be flexible and adjust his policies 

_ to meet actual competitive conditions. There would be little difficulty in 

_ converting the game, if desired, from a deterministic to a stochastic 
model. 


THE EQUATIONS 
Although the players do not need the analytical form of the equations 


describing the interaction of the decisions, the digital computer does. The 


two basic quantities are attractiveness of product, which determines share 
of market, and unit cost of production, The simplest versions of these func- 
tions are presented here to indicate the ideas guiding the choices made; 
actually, in more. recent plays, they have been modified ‘in a number of 
ways, both to preserve stability at the start of the game and to alter the 


elasticity of the market in the middle and toward the end of the game, 


ATTRACTIVENESS . a 
- Since we are. very much concerned with the Stability of the process, we - 
begin by converting two of the cash allocations into ratios in order to de- 


crease their sensitivity. ©” 2 
‘Let a; = marketing expenditure of the it* team at a particular stage. We 


_ next compute the new quantities — 


ay = aj/3a; 
ee 
Let r; = total allocation of the i team for research and development over 
the four last.stages (including the current stage). Then ~ 
= n/ ar 
~ We now define the attractiveness, denoted by Aj, of the product produced 
by the /* team as a function of the three quantities 


ari, and Pi 
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the price of the item set by the i!" team. Thus 
A, = f(a’, 17, ps) 


Once 4; is determined, the fraction of the market paichaans the item 
of the i" team is given by 


f= Aas 


Hence, if N is the size of the market, the j income from sales to the i** team 
is given by 

Ri == pifN - 
provided that 

jN < 
the quantity of items produced over the last period plus those in inventory. 
Tt remains to determine the function 
Kaj 2 A 2 P.) 


As pointed out, we have little basis for any analytical description of the 
function. Consequently, we decide to choose the simplest function possess- 
ing the correct qualitative features. 

To begin with, we want A, > O for all values of 


. a’; , Vr; , Pi 
Therefore, f takes the form 


gle 
gars BS) 


Ka@,ri,p) = 
The simplest form for g is a linear function: .. 
8(Gi rh, Pi) = C145 + Cori — cap; 
where C1, Ce, c3 > O. The function f now has the correct qualitative be- 
havior. 
We find, however, that this function is still too sensitive to changes. As 
a result, we add a buffer constant cy and let f have the form 
: o£ a +e, rh—o Pp. 
f =e + e li 2 t ai 
UNIT COST OF PRODUCTION - 
In designing a formula expressing the dependence of the unit cost of 


production upon the decisions made at each stage, we take this quantity to 
depend upon— 


1. The maximum potential rate of production—i.e., the plant capacity. 
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2. The actual rate of production. 
3.. The research and ‘development budget. 


-Qualitatively, it is felt, the unit cost of production should decrease'as the 


actual rate of production approaches the maximum rate of production, and 
should decrease as the research and development budget i increases sand as 
the plant capacity increases.’ 

After a certain amount of trial and error, we decide upon the folie wane 
formula for u, the unit cost of production: 


. : 6 CoM a 
= max 
a ace re r a 
‘where the c, i = 5,6,...,13, are positive constants, and M= cade 
potential rate of production and m1 =.actual rate of production. 
Here the purpose of the term cs is to keep the unit cost from being too 


‘sensitive to changes; the second term measures the effect of partial utiliza-’ 


tion of the plant; the third-term represents the effect of research and de- 
velopment in turning out a more easily made product; and the fourth term 
plete the effect of plant capacity. 


How the Game Is Played 


(O RECAPITULATE: The AMA game simulates top management’s 

problem of allocating limited working capital to the factors of pro- 
duction in-a competitive market. As in real life, the objectives are (1) to 
produce a product efficiently by minimizing production costs, and (2) to 
achieve the maximum return on investment by improving the product and 
successfully presenting it in the market. 


THE MECHANICS OF THE GAME 


A group of executives is divided into five teams or companies of three 
to five persons each. These companies then proceed to compete against 
each other in a hypothetical market involving a single product. The game 
is divided into periods or intervals of a. quarter of a year, and the five 


Soe 


companies generally play for 20 to 40 quarters, thereby simulating 5 to 10 


years of competition in the market. 

The game opens with the distribution of the initial operating statement 
to each of the teams. The report form indicates such factors as the com- 
pany’s total assets (broken down into cash funds, opening inventory, and 
plant capacity), unit cost of production, price of product, and percentage 
of the market controlled by the company. Initially, all these figures are 
the same for each company. 

To begin play, each team must independently—in a fixed amount of 


time—make basic budget and price decisions for a quarter of a year’s _ 


operations. It records these decisions simply by circling decision alterna- 
tives listed on the report form. 

From the given alternatives, shown on the data sheet as specific sums 
of money, each team selects expenditures it will make for production, 
marketing effort, research and development, and additional plant invest- 
ment. It also selects the price it will charge for the product. The expendi- 
ture alternatives simulate real-life choices and take time lags into account, 
thus drastic changes in allocation of resources are impossible in the game 
as in actual business. The expenditure on each factor can vary from the 
previous quarter’s by no more than a given percentage, though variations 
downward are greater than variations upward. And of course the sum of a 
team’s expenditures must not exceed the total working capital available 
to the team. 
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\ P ‘ 


KEY PUNCH OPERATOR 


'. In addition to making their basic decisions, the players can buy marketing 
“research information* if they think it will help them. They can also sell 
plant to raise cash, In each phase of the game, the total expenditure for all | 
‘items must not exceed the amount of cash‘on hand. . | 
At the end of the first decision period, the marked report forms’ are 
collected from all the companies and turned over to a key-punch operator, 
who transfers the decisions into ‘machine language, one card for each - 
company. The cards are fed into an IBM 650 electronic computer, which, 
- in Jess than two minutes, combines and interrelates the effects of all the - i 
teams’ decisions on their respective positions. The computer then punches 
out a deck of output cards, 27 cards per company, containing the results 
for the past quarter-year. These cards are processed through an IBM 407 
printer, which prints the results on a new quarterly operating report for ' 
each team. Toward the end of the game, this entire cycle, including decision | 
time and printing, takes approximately a quarter of an hour, but it repre- | 
sents three months of business operations. ane | 
_ The reports are distributed. Then, after reviewing its performance during | 
the first quarter, each team makes new decisions for the next three-month 
period. This procedure is repeated quarter by quarter, with a continual 
shortening of the decision time as the players become more familiar with . 
*In designing the report form to be used in the game, the term “market research” was originally 
selected and, therefore,.appears on the form as reproduced here, However, subsequent thought 
and discussion have led to the conclusion that “marketing research” is the correct usage. Marketing 
research is the objective, scientific accumulation of facts relating to any problem in marketing, 
assembled and synthesized for ready interpretation by marketing executives. Three major areas of 
marketing research are (1) market research, (2) product research, and (3) policy research. Market 
research, as one phase of marketing ‘research, is concerned with such-considerations as gauging the 


size of a company’s potential market (i.e., the number Of potential customers), finding out where 
they are and where they buy, determining their characteristics, and analyzing their likes and dislikes. 
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the ga ne and the nature of their market. At the outset, about 25 minutes 
is allowed; at the end of the game, only about 10 minutes, — 


THE REPORT FORM 

The report form is the basic working document for the players. Many, 
however, supplement it with running charts and tables on their own. 

The sheet itself has two basic functions: (1) to provide each company 
with information about what is happening in the market (on the upper half 
of the form), and (2) to record each company’s decisions (on the. lower 
half)——after, of course, that company has developed a strategy based on its 
own analysis of economic conditions in the outside world. 

The form provides space for the Following data (Figure se 

Statement of assets. 

Income statement. 

Annual statements (for all Pompane every four quarters). 

Market information. 

Marketing research report (optional). 

Operation and decision information, 

Decision alternatives. 


‘UPPER HALF OF FORM 

As in real life, there is information about a company’s competitors that 
is readily available to everyone—and information which it has to pay 
for. Each company receives “free” every quarter a statement of assets - 
(Figure 1B), listing its total assets, broken down into cash, inventory, and 
plant or capital investment. The net change in assets from the previous 
quarter is indicated; and, once a year (every four plays), a company re- , 
ceives this same information for its competitors (Figure 1C), since in real 
life these figures would generally be available’ from annual reports. An 
extra 10 minutes is allowed for reviewing these annual statements. 

Also every quarter, each company receives an income statement (Fig- 
ure 1D) which indicates its net income in standard accounting terms. Net 
income is computed by deducting from gross sales income the cost of goods 
sold, operating expenses, and taxes, 

It is assumed that in real life any company can find out its competitors’ 
prices, although this may not be always possible. Therefore, all five com- 
panies’ prices for the previous quarter are indicated in the market informa- 
tion report (Figure 1E). Also, since the total market changes each quarter 
(although the companies are not told the nature of this change in advance), 
the report form always indicates the size of the market for the quarter just 
past, as well as the company’s own share of the market. 
. Another variable, which has been added to make the game not only 

more realistic but more interesting, is the opportunity to purchase marketing 


82 


TOP MANAGEMENT DECISION SIMULATION 


r 2 = * £ z 1 
aNON 


cao'or (sun ut) Wws04dsid LNW Id 


oes ° sos $ 33ted 


.000'Se 


cers 


BMWs XVM-BUVHS LIM TWILNDLOded 
ONILDMHYM XA 3UNHS L3tavM TWILNGLOd«© 

; E FAP p SBWALIGNIGKI dOTZAIG 8 S38 AWISAGN( T¥LOLed 
00 'G k . FUOLIONIdX9 OMLINUYN AYASNON! TVLOL+N 
s i AIMBYN JO BYVHS SHOLILIGNOD +S. 


NOWLWAYOIN! HONVaSSY LAAT 


s ANGWASIANS LNW1d YNOHLICGY 
AMBRNdOTZAIO @ HINVISIY 


000°0S 
o00"so+ 


ooo'oe 
o00'Stt 


+ 
. 


o0o'0a 
ooo'or! & 


aoo'ocz $ | coo'ozz $ | COO'a!z s| . OMELENETAR 

Ov Sze HS OO9'rS2'ws | COE EEI'HS | COSIZI'yS | DOO ‘OSO'mS]| COLI AO'CS ooz'szs's$ | COO'sRE ‘Es NO1LINGONd 40 1509 
- : : IE [e] : ~ 

000'se6 000'R16 000‘n06 000'S34- coo'oze rere: WO1LINGONS 40 SLING 


aes NOLLINAONd 30 1509 


aos: = $ aMOSNt 13N 


sae LANEY JO JUVHS “Wiinalod 


ooo'se F S3xvL 
‘SakvL 340498 INGINI 


1d) INOINE WIHLO 


a (W¥sodgia ix’ 
aoo'oog § ANINGOTIAI ONY HINVIS3W @ ONILINNWD 


oO .7 ox OFC 1302 
4 ; og ve a@hos saco> #0 1509 


000'006'rs 00S Bun 000'006 3ROINi SIS 


LN3W3LVLS 3NOONI 


. NOL f LP ATuyN W101 

* re sem thy A 304vN 40 JNVHS 
co's $ 06 aos & paisa 
SAND  ANWROD A ANTINO 


NOILYVAHOSN iayayy 


ODOC O1$. BOO'D OIF © CODDGI'O1g GOODS! ‘OI$ —-900"aK)‘Or 000679 000°O6) OLS SL3SS¥ WoL 

ooo"ose'S £ o00'0so's o09'oros % coo'aso's § ““ono’oso's & “900706 "Sf : oss ® wusiggo'oia ANJA LSBAME LNT Id 
200": Sy J aA seo |] ; ASS AMCLICIAN 
000 HF, oo'sze'e g | ° 000628 PR Cs os? WS¥> 


SLNAW3LVLS WONNY 


sc amvanos Vi PERS Pate “Vamvanos. | 29NvHO 43M 
“ig £ if ch : 


HOW THE. GAME IS PLAYED aa 83 


B. 


AMERICAN “MANAGEMENT A 
TOP MANAGEMENT DECIS 


STATEMENT OF ASSETS 
YEAR 0 QUARTER-0. | 
ene TOTAL NET CHANGE 
CASH’ . ; : $4423,000 =» $25,000 
INVENTORY ‘ 150,000 units @ $4.50 $ 675,000 + 0 


PLANT INVESTMENT $010,000 units © $5.00 ' $ $,080,000 $50,000 | 


TOTAL ASSETS . $10, 150,000 $75,000 


INCOME STATEMENT 


900,000 units @ $5.00 $4,300,000 


ANNUAL STATEMENTS 


YEAR O 
COMPANY | _ COMPANY 2 COMPANY 3 COMPANY 4 COMPANY 5 


$ 4,425,000 $4,425,000 = § 4,428,000. & 4,425,000 $ 4,425,000 
$ 675,000 % 675,000 $ 675,000 $ 675,000 $ 875,000, 
$ 5,050,000 $8,050,000 $ 3,080,000 ¢% 3,050,000 —$ 5,050,000 


#10,140,000 $10,150,000 $10, 180,000 
MARKET INFORMATION 


COMPANY 2 COMPANYS | COMPANY 4 COMPANY 5 


FIGURE 1 


ms “REPORT ForM - 
AMA Top MANAGEMENT DECISION GAMING 
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ie 5 . : D. 


cod units @ $5.00 $ 5,050,000 


— 


TOTAL ASSETS 


INCOME STATEMENT 


-| SALES INCOME : _ 900,000 units'@ $5.00 
COST OF GOODS SOLO 8 OPERATING EXPENSES 
COST OF Goons SOLO : $4,050,000 
MARKETING & RESEARCH AND CEVELOPMENT ' § 300,000 
OTHER( MARKET RESEARCH) $ ° 
— 


| 


OTHER INCOME (PLANT DISPOSAL) 


INCOME BEFORE TAXES 
TAXES 
NET INCOME. 


EK. 


$ 9,050,000 ° $ 8,050,000 $ 5,090,000 


$10,150,000 |. $10,150,000 $10,150,000 


$4,350,000 


150,000 


MARKET INFORMATION 


COMPANY! COMPANY 2 COMPANY 3 
PRICE : $3.00 $5.00 — $ 5.00 
SHARE OF MARKET * 20.00% | * % 


‘| TOTAL MARKET 4,300,000 . 


POTENTIAL SALES - 900,000 


MARKET RESEARCH REPORT, 


“TOTAL INDUSTRY MARKETING EXPENDITURE 
TOTAL INOUSTRY ‘RESEARCH @ DEVELOPMENT EXPENDITURE 

"POTENTIAL SHARE oF MARKET = MAXIMUM MARKETING 
POTENTIAL SHARE OF MARKET - MAXIMUM PRICE 


FIGURE 1 (concluded) 


$10, 130,000 


$4,300,000 


$4,350,000. 
$ 150,000 


$ i) 


$ 150,000 
# 75,000 


$ 75,000 
—————— 


$ 3.00 


OPERATING AND 


(for ne 


$10,150,000 


COMPANY 4 


% 


$ 5,050,000 


$10, 150,000 


——— es 


‘COMPANY 5 
3 9.00 


% 
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| MET INO : : Ree — TS ea a 


$4.48 $ 4.45 
936,000 972,000 


UMIT COST OF PROOUCTION 


UNITS OF PRODUCTION 


$4,325,400 


$4,193,300 
“$220,000. 
$ 1t0,000 


$4,254,600 
$ 230,000° 
115,000 
$ 70,000 


COST OF PROOUCTION 
MARKETING 
RESEARCH @ DEVELOPMENT 

ADDITIONAL PLANT INVESTMENT 


MARKET RESEARCH INFORMATION 


S¢COMPETITORS' SHARE OF MARKET - 

M=TOTAL INDUSTRY MARKETING EXPENDITURE. 
RATOTAL INDUSTRY RES. & DEVELOP, EXPENDITURES 
A*POTENTIAL MARSET SHARE~MAX, MARKETING 
P*POTENTIAL MARKET SHARE-MAX, PRICE NONE 


a i ee ; im : er een 
PLANT DISPOSAL {1 it i 7 . Crone) 5,000 10,000 
units} : AL 


: ; € 7 
# : COMPANY PERIOCO GAME 
Beaiasctte. | 84.425.000 | 
10M 650 REPORT | 4 ; y 5 : ILABLE—® [$4,223,000 ] ; Hes ‘ 


$5,526,700 | $3,701,700 | $3,881,700 
% 170,000 | § 180,000 | $ 190,000 
% aso00 [ 8 90,000 | $ 93,000 


$ Cic.cos| s 20,000 | $ 30,000 


$ 80,000 


$.Mar 
$ , 25,000 


$ 0,000 
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research information (Figure 1E). In reat life most companies want to 


- know much more about the market and their competition than annual 


reports or price lists indicate, and. they are willing to pay for it—either by 

developing their own research staffs or by hiring consultants, or both, 

Similarly, in the game each company has the opportunity of finding out 

certain additional facts about the market. If, for example, a firm wants to 

know. the other companies’ share of the market during the past quarter, : 
it can purchase this information for the fixed amount of $5,000. For 

$10,000 it can purchase a marketing research report which will indicate 

the total expenditure by the industry for marketing effort—or for research 
and development—in the past quarter. Finally, a company can determine 
the share of the market which it would have had during the past quarter 
if it had allocated the maximum amount permissible for marketing, or if it 
had.charged the maximum price permitted..Each of these latter two pieces 
of information costs one-half of 1 per cent of gross sales income. 


LOWER HALF OF FORM : 
The lower part-of the report form (Figure 1F) presents the alternative 
operating decisions. , 
Each quarter a firm must make eight of these decisions, five basic and 


~~ three optional. The five basic decisions are the allocation of working capital 


funds to production, marketing, research and development, and new plant 
investment, and the establishment of a price for the product. The three 


’ optional decisions deal with the purchase of marketing research information 
_and the disposal of old plant. , 


At the start of the game all five companies have exactly the same assets, 


" . with the.same amount of working cash available for allocation. They also 


share the market equally, each with 20 per cent. Finally, it is assumed that 


- all the companies have in the past been allocating the same amounts of 


money to the various factors of production, marketing, research and de- 


’ velopment, and new plant investment. Therefore, at the zero period or 
- quarter each company’s “decisions last period” are the same. 
The allocations each company makes for the next. quarter are these: - 


From the “total funds ‘available” (indicated in the appropriate box) an 
_ over-all production level is decided upon, the cost of which is determined 
by multiplying the number of units to be produced by the associated unit 
cost of production. This production decision must be one of the alternatives 
presented horizontally. as “cost of production.” Production levels or costs 


“increase in 2 per cent steps (to the right of the $4,050,000 listed as the 
- “decision last period,”) and decrease in 5 per cent steps (to the left). These 


bounds have been established because, in real life, the extent to which 
management can reduce or expand its. production level in any quarter 
frequently is limited. 


. > 
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A company can, of course, decide to produce at the same level as it did 
last quarter by circling the “decision last period.” In any € ‘ent, the alterna- | 
tive selected appears as the ‘decision last period” for the next quarter, and 
this figure i is the 100 per cent base for the company’ s new range of decision 
alternatives. 

The same procedure for allocating funds is applied to the decisions 
regarding marketing, research and development, and additional plant in- 
vestment. It also establishes its product price, choosing from alternatives 
which increase and decrease in 5-cent steps. Then, with these basic alloca- 
tions made, the company decides whether it wishes to spend part of its 
available funds on marketing research information. The actual items which 
it can purchase are listed in the lower left-hand section of the form. To 

obtain any one of them, the company.circles the appropriate letter: “S” for 
competitors’ shares of the market, “M” for the total expenditure by the 
industry for marketing, and so on. The cost in each case appears under 
the proper designation. Also, since more than one item of information may 
be purchased, combinations of letters are given; thus one .would circle, 
for example, “S & M” rather than ‘“S” and “M” separately. The cost of such 
a combination is simply the sum of the individual costs. 

Finally, the firm may wish to raise additional cash by selling part of its 
plant. If it does decide to dispose of any existing facilities, it receives half 
of the original cost. This is the allowance made for depreciation in the 
game. As in real life, however, there is a time lag in both acquisition and 
sale of plant. New plant comes into operation and is productive one quarter 
after the investment is made, and the income from the disposed plant is 
realized in the quarter following its sale. 

After the company has made its decisions - regarding all the various 
allocations, it must add up its expenditures—that is, the circled decisions— 
to make sure that they do not exceed the total working funds available. 
Tf they do, the computer will reject the input cards. 

Figure 1F shows a team’s decisions marked on the report forms. Note 
that the sum of the cash expenditures is less than the total funds available 
to the team, 


, 


THE GAME'S ECONOMIC “WORLD” 


The heart of the gime lies in the clash of strategies and the interaction 
of the various companies’ decisions. These decisions are made—and in turn 
‘affect—a “world” which is. patterned as closely as possible after actual 
‘economic conditions. Including all possible decision alternatives, there are 
more than 2 million different combinations of choices that a team can make 
in any one period. Thus the eclavionships: among the five companies are 
highly dynamic. 
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HOW RESULTS OF DECISIONS ARE DETERMINED 

The results of the decisions are determined by means of two mathemati- 
cal formulas which are stored in the computer's memory and which the | 
machine uses to work out in just a few minutes all the complex interactions 
that result, These formulas, which are not revealed to the players, con- 
stitute a model of the business world. Though arbitrary and stable, they are 
empirical; and the causal relationships on which the machine bases its 
calculations are the same cause-and-effect relationships that one finds i in the 
real world of economics. 

To see how this works, let us consider share of the market, which is, 
of course, highly important to a company’s success. There are three deter- 
mining factors here: the company’s decisions (relative to the other com- 

panies) on (1) product price, (2) marketing expenditures, and (3) 
research and development expenditures. 


1, Product Price. As in real life, the higher a company’s price relative to 
those of its competitors, the less attractive its product and the smaller 
its share of the market. Therefore, all else being equal, a team that 
raises its price can generally expect a smaller share of the market— 
unless, naturally, all the other companies raise their prices as well, 


. Marketing Expenditures, Funds are allocated to marketing for the 
purpose of improving the company’s product and getting it sold. Also, 
marketing expenditures are assumed to increase the attractiveness of 
the product. In the game, marketing includes distribution, sales, 
advertising, and all the other functions that usually are involved, 
Because there are no qualitative factors, each company’s effort is 
assumed to be equally effective, dollar for dollar. Simply spending 
more money produces a more or less proportional effect. 

3. Research and Development Expenditures. Since only one product is 

_involved in the game, research and development money is directed 
only toward improving the one product and its associated production 
processes, Therefore, when a company spends more money on re- 
search and development relative to its competition, it is assumed to 
work two ways: (a) it increases the attractiveness of the product 

‘and thus the company’s share of the market, and (5) it reduces 
production costs. Each company’s scientists and engineers are as- 
sumed to be equally creative and resourceful; and the expenditure of 
more money has the same effect as in marketing, 


nN 


Both marketing and research and development, however, are treated 
“as non-linear functions; that is, there is a built-in saturation factor, so that 
eventually a point is reached beyond which additional expenditures do not 
pay off. It is left to each team to discover where that. point is 
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In addition, the importance of competitors’ decisions must not be over- 
looked. It is not so much the absolute dollar amount of each company’s 
price, or the absolute level of a company’s allocations to marketing and 
research and development, that affects its economic well-being as it is the 
relation of its actions in these areas to the actions of the other four com- 
panies. Moreover, a firm’s actual share of the market is affected by its 
level of production, ‘since it cannot sell in a given quarter more than it 
produces in that quarter plus what it has in inventory. If its potential share 
of the market is greater than the number of units it has available to sell, 
it obviously cannot satisfy all the demand for its product; therefore, in the 
game this excess of potential demand over goods. on hand is lost to the 
company. In other words, lost sales do not cary over as back orders to the 
next quarter. ; 


HOW UNIT COST OF PRODUCTION 1S DETERMINED 

Also basic to the game is the mathematical model which ‘determines each 
company’s unit cost of production. If we assume that an increase in total 
assets i$ a measure of success—although this is by no means the only goal 
‘which a company may set as its objective-—then certainly a company will 
want to reduce its production costs. ; 

The computer determines unit cost of production by means of a formula 
involving several factors, as follows: 


1. Research and Development, Jt is assumed that research and develop- 

ment expenditures improve production methods and thereby lower 

unit production costs. ; 

Plant Utilization. A plant operating at 100 per cent capacity is 

assumed -to be more efficient than one operating at 75 per cent 

capacity. Therefore, unit cost of production declines as utilization 

rises. ; 

3. Size of Operation. Bigness is assumed to be an advantage, since it 
_tends to lower production costs. Therefore, increasing the size of the 
operation reduces the unit cost, . 


iS) 


_ In the game, also, the unit cost of production is broken down into fixed 
and variable costs. This means that there is a minimum—not affected by 
the acquisition or disposal of plant capacity—below which unit cost of 
production cannot be reduced, we 


MEASURES OF PERFORMANCE 


We have already pointed out the difficulty during and after the game, 
as in any real-life competitive situation, of ranking the performance of the 
companies. No single statistic, or group of statistics, provides a meaningful 
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The results of each company’s decisions are plotted in a control room on cumulative 


charts. These charts provide a factual basis for the critique session at the end of the 


game and also enable the observers to get an over-all picture of the game’s progress 
‘(See also Figure 2). ; ; 
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or clear-cut measure of the success or failure of a company’s policies or 
decisions, Therefore, during the briefing which precedes the start of the 
game, there is no explicit mention of any particular goal or objective. 
Apparently the game is sufficiently realistic that simple instructions to play 
as if it were an actual business operation will motivate the desired attitude. 


“People behave,” said one observer, “as if they were spending their own 
money!” 


THE CONTROL ROOM 


The results of each company’s decisions are plotted in a control room on 
cumulative charts, as shown in Figure 2. These charts provide a factual 
basis for the critique session at the end of the game. They also enable the 
observers to get an over-all picture of the game’s progress, Figure 3 shows 
the sheet (8%2” x 11”) that is given to the players so that they can chart 
their own performance. 

From the players’ point of view, the plot of total assets, which includes 
working cash, inventory, and plant investment seems to be the most useful 
over-all measure of performance upon which to base their decisions. Each 
company plots its growth in total assets, as well as the corresponding growth 
of its competitors, from the information presented in the annual statements 
section of the report form, 

Generally speaking, the team that ends the game with the highest total 

asset figure is considered to have won, but no victor is formally proclaimed. 


THE CRITIQUE 


The players are not permitted to observe the charting operation during 
the game. At its close, however, they are assembled for a critique session, 
At this. meeting the charts from the control room are shown to the players 
for the first time, and they can see precisely where they were at every stage 
of the game relative to their competition. A member of each team is asked 
to explain the strategies which his company used. in the game and to 
describe the difficulties the team experienced in making its decisions. Also, 
each company evaluates its position in the market relative to its competi- 
tion and defends its actions in terms of over-all objectives. 

During the critique session, as well.as during the game itself, there is a 
valuable exchange of ideas and reactions between the various players. This 
is particularly true when a man is defending his company’s strategy or 
position before the other players. In general, executives who play the game 
feel that it affords a wonderful opportunity for improving one’s judgment 
und reasoning capacity and that it demonstrates vividly the intricacy of 
modem business management. 


_ The Role of the Computer 

HE AMA management game is ideally suited to the use of a medium- 

sized stored-program electronic computer. It was therefore decided 

as early as July, 1956, to utilize the IBM 650 data-processing system. Sub- 

sequently, the 650 assumed ‘an important role in both the development and 
the play of the game. 

The enormous increase in computing potential which the machine made 
possible did not mean the abandonment of the game’s simplicity, which is 
desirable for many reasons. It did, however, free the research group from 
the stringent limitations inherent in.computations made by hand on desk 
calculators. Moreover, as machine methods developed, it was possible .to 
' simplify the actual play of the game by increasing the quantity of arithmetic 
performed by the computer with relatively no increase in over-all compu- © 
tational time. Always the basic goal was to allow the players to concentrate 
on the actual decision making, and to relegate to the computer all clerical 
and mathematical tasks. 

“ At Albuquerque, in August, 1956, when desk ‘calculators were used, 
"the. computations for a single period required approximately 45 minutes. 

-On -the 650 one period’s computations, including features subsequently 
“ incorporated in the program, required less than two minutes. The total 
processing cycle—that is, key punching, computing, and listing—takes only 
about five minutes. And this ability to return results to the players rapidly 
is of fundamental importance to the game. 

Another advantage of utilizing modern machine methods can be seen in 
the report which is given to the players. This form has undergone extensive 
-evolution (see Figures 1-4). With the present version (Figure 4), clear 
listings of almost any desired information can be readily obtained. 

Less obvious but equally important is the fact that the 650 made it 
feasible to test the game in various ways—studying, for example, the effect 
. of changes in the model. 


EXTENT OF UTILIZATION 
To permit. the game to be played at any 650 installation, only the basic 
system. is utilized. The only memory unit used is the magnetic drum, 
Additional units, such as magnetic tape and high-speed core storage, can’ 
‘be added but are not required. Information is read into and out of the 
650 on punched cards by means of a directly attached Type 533 card-read 
punch, The input cards are prepared on a Type 26 key punch, and the 
output cards are listed on a. Type 407 accounting machine. It is possible 
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to. supplement the basic 650 with directly attached 407’s and multiple 
input-output. units, as well as such other special aids as the alphabetic 
device and additional selectors; and there are, of course, certain advantages 
to be gained in this way. At the present time, however, none of these 
devices is used. a 
_. At the beginning of play, the instructions which the machine is to 
execute—that is, the program—are loaded onto the magnetic drum in the 
650 from punched cards. The drum, which is also used for storing data 
and results, both final and intermediate, has a capacity of 2,000 words 
(a word is 10 decimal digits plus an algebraic sign). The present program 
contains about 1,500 instructions and requires about 500 locations for 
temporary or permanent storage. Thus the complete drum is being used. 
_No effort was made, in programming, to conserve drum Storage. It 
would be possible, through certain revisions, to free additional locations. 
_ Similarly, it would be possible to. reduce the computing time required. At 
present, however, because of the simplicity of the game’s model, there’ 
appears to be little need for such improvements, although they may later 
become necessary. 


- EVOLUTION OF THE PROGRAM 
The programmer’s task is, of course, to devise a system for obtaining 
the decisions from the players and returning a suitable report in as short 
a time as possible. Included are both the planning of the problem and the 
coding of instructions for the machine. Once the over-all planning has been 
completed, the coding and checking out of the game program, which is a 
straightforward and rather simple process, can be done in about two weeks, 
This program has undergone many revisions, some minor and some 
major. The greatest changes were associated with the information pattern 
‘on the report; hence, each of the four programs which will be distinguished 
. in this discussion corresponds to a. particular listing format, For simplicity, 
‘they will be referred-to as P1, P2, P3, and P4. A plastic overlay was used 
for the listings obtained from P1, reprinted forms-with the other programs - 
(see Figure 1 for P1, Figure 2 for P2, Figure 3 for P3, and Figure 4 for P4), 
P1 was used for the first real test of the computer program at Endicott 
on October 16-17, 1956. P2 was used in Los Angeles on December 3-4, 
1956; P3 at the IBM Church Street office in New York on March 6-7, 
1957; and P4 for the press conference at AMA headquarters in New York 
on May.2, 1957. 


THE MATHEMATICAL MODEL _ 

It is convenient to think of the mathematical model.as being made up 
of functions and parameters, although the usual mathematical meaning of 
“function” embraces both, aes 
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The functions are represented in the program by. sets of instructions, the 
parameters by stored constants, Thus, for example, to evaluate s(ax? — b) | 
we must square-x, multiply it by a, and subtract .b. This requires instructions 
to the machine. The a and b, on the other hand, are constants which will 
be stored on the drum. The actual values of the parameters are easy to 
change, whereas the functions can be changed only by changes in the 
program. nm © ; 

The mathematical model was fairly well established before the 650 
became available, and the only two changes ‘made since that time have been 
very small; The simple relationship between share of market and price 
was altered in P3 to.a slightly more involved dependence, and, in addition, 
two of the “cushions” were made time-dependent, so that their protective 
quality decreased as the game progressed. 2 8 

Two-new features—taxes and market research information—which were 

_ added to the game during various stages of its development represent, in 
a sense, changes in the model. In general, however, the original functions 
have proved very successful. [. 


THE PARAMETERS 

‘The present program, P4, contains 28 parameters, all of which are inter- 
related and affect the sensitivity of play. 

Throughout all four programs, the parameters have been treated as 
special constants, punched on separate cards, and stored in certain loca- 
tions on the drum. It is therefore a simple matter to change the value of a 
parameter and, in so doing, change the sensitivity of the model and the play. 
For instance, during the developmental stages it was necessary to adjust 
the parameters so as to produce a satisfactory game, thus, after each play, 
__ the results were analyzed and the parameters changed accordingly. In addi- 
tion, one can develop a conipletely new set of values for the parameters 
which will give an equally satisfactory game—though, of course, quite a 
different one. ta and 

In the extreme ‘case where a parameter is set at zero, one can remove 
.a complete factor from the game. To cite an example, P1 and P2 did not 
allow for taxes. Then, in P3, the necessary instructions were included, with 
a parameter for the actual tax rate. For the first play of the game using P3, 
the parameter was set at zero, which is equivalent to saying that there were 
no taxes. However, by changing this parameter from zero to 50 per cent, 
‘taxes were included in subsequent plays. In the present game taxes are 
simply 50 per cent of the quantity obtained by subtracting cost of goods 
sold and operating expenses from gross: sales revenue. ; 

The choice of the parameter for the tax rate. is also important in that 
it is possible to control the flow of cash-thereby. This, in turn, is important 
because the amount of cash available influences the play greatly. Too much - 
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little increases the players’ task unduly, ag 

_ Parameters for the inventory carrying charge and inventory run-out 

_ Charge, which have been included in all four programs, have always been 
set at zero. These factors can be easily added, whenever desired, merely by 
changing the parameter values, — 


cash, experience has shown, tends to make decisions too easy, whereas too 


‘EFFECT OF MARGINAL CONCEPT eR ag 
The marginal concept gives rise to the decision alternates on the present 
report (Figure 4), which the players can easily circle and which can then 
be key-punched. Thus, from the programmer’s standpoint, it also simplifies 
‘the game. ee ae 
The Cost-of-Production Decision, At the time of:P1, there were seven 
_ decisions to be made; level of production, .cost of production, marketing, 
research and development, additional plant investment; price, and plant 
disposal. The. first two are, of course, not independent. In all programs 
the unit cost of production is a function of the level of production, plant 
utilization, and. the expenditure for research and ‘development. In P}, | 
however, a change in the level of production did not in essence make itself . 
felt until the next period, and the report gave only one unit cost of pro- 
'. duction, based on the previous period (“unit cost last period”). The cost — 
of production was simply the unit cost last period times the units of pro- 
- duction. These three quantities can be said to represent-only one decision 
which must be made, even though the reason for making a particular de- 
‘cision will depend on all three. In P2 and P3, each company made this 
_ decision by circling the cost of production; the unit ‘cost and units of 
’ production can, on the other hand,’ be considered only reference infor- 
mation. ae ca 
‘Actually, however, it is the. units of production, not the cost of. produc- 
‘tion, which the machine considers. to be the decision, and it is the decision 
made last period for the units of production which becomes the central 
decision for the next period. The decision alternates are percentages of this 
‘ central figure. Since the unit cost of production for the same. production | 
- level can change from one period to the next (because of a change in plant 
utilization or research and development), the central unit cost of produc- 
tion this period can be different from the value last period; thus the central 
value for the total cost of production can be different from the value last 
' period. This makes for possible confusion, since the central value for cost 
"of production shown may not be the “decision last period” which is stated 
_on the report. The cost of production was, however, offered to the players 
in P2 as the decision to be made because this allowed all decisions except 
price and plant disposal to be monetary ones whose total sum must not 
“exceed the total working funds available. 
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Coding by Single Digits. A further change was made in going from P2 
to P3, It will be noted that.each column of decision alternates on Figure 4 
can be numbered. Under price, for example, we have a choice of nine 

possible decisions to which we assign the numbers 1, 2, 3, etc. This means 
that, instead of key-punching on the card all the digits in the price chosen 
(as was necéssary with P2), we need purich-only a single code digit. Since 
there are, at present, eight decisions to be’ made, we characterize these: by 
eight digits (see, in the bottom right-hand. corner, of the form, the eight 
dashes which accommodate these eight code numbers). The coding is done 
at a control table, and the cards are key-punched directly from these codes. 
. One may want—not in normal play but perhaps ‘in testing—to allow a 
+ . decision which is not one of the given alternates. Therefore, a code of zero 
was set aside for the purpose. When it is used, the 650 refers to a special 
field on the card which contains the full value of the decision: To facilitate 
this scheme, the number of decision alternates for cost of production and 
units of production was reduced (see Figures’2 and 3) from 10 to 9. 

Use of Decision Constants, In the present form. (Figure 4), the decision 

alternates for marketing extend up and down by 5 per cent intervals from 
~ the central value. The customary manner of ‘programming this arrange- 
"ment, as was done in P1 and P2, is to have a small set of instructions. which 
compute 5 per cent of the central value and then subtract or add that 
figure the necessary number of times to produce the seven ‘decision alter- 
nates. In P3, on the other hand, ‘the numbers .85; ,90; .95; 1.00; 1.05; 
1.10; and 1.15 (let us. call them “decision constants”) are stored on the 
drum; and the central value is multiplied successively by each of these 
‘constants to produce the set of alternates. . _ 

The advantage of this latter method lies. in its flexibility. If one wanted 
to change the increments to 10 per cent, the previous method would, it is 
true, require oniy a small change. However, if one wanted to establish — 
decreasing intervals of 6 per cent.and increasing intervals of 10 per cent 
(first interval) and then 15 per cent (second and third intervals), quite a 
few changes in the program would be necessary. But, when decision con- 
stants are used, one need merely change their values on the drum to .82; 
.88; 94; 1.00; 1.10; 1.25; and 1.40. -. ie 

The flexibility made possible by. decision constants is similar to that 
obtained through the use of parameters. ‘Moreover, to provide for even 
more generality, it was assumed that all decisions have nine. alternates— 
although, as can be seen, some of these are not used at present. Here, for. 
example, is the set of decision constants for marketing: .85, .85, .90, .95, 
1.00, 1.05, 1.10, 1.15, and 1.15. Note that, although the key punching is 
checked, the two end figures are “yepeated as a minor. additional guard 
against errors. 


-1040—- ~ TOP MANAGEMENT DECISION SIMULATION 


In the case of additional plant investment, the decision constants are 
added to the central figure, At the time P3 was used (see Figure 3), these 
_ constants were —15,000;—15 ,000; —10,000; —5,000; 0; 5 ,000; 10,000; 
15,000; and 15,000. In the present program, P4, they were easily changed 
-. to —40, 000; —30,000; 20 ,000; — 10,000; 0; 10,000; 20 000; 30,000; 
and 40,000. 


“THE INFORMATION PATTERN 


The type of information returned to the players, as well as its format, has - 
undergone extensive development. This may be seen bY comparing the © 
. forms. 
Plentihcaion Scheme. Simple, but typical, is the evoligh which took — 
place with respect to the identification. scheme, In P2, one-digit numbers 
' were used for both the company and the period. In P3, a one-digit number 
was used for the company, a two-digit number for the period, and a one- 
‘digit number for the game (as will be explained later, it is possible to 
carry on two independent games, and the addition of the game number to - 
the identification system decreases the chance of clerical error.):In the’ 
case of both P3 and P4, the four-digit company-period-game number ap- 
pears on every input card, output card, and listed report. On the P3 form 
it was placed at the top of the page; but, with P4, it was relegated to the 
bottom right-hand corner, for use by the key-puncher, and the terminology 
“year” and “quarter” was introduced in its place at the top of the listing. 
Thus “period 7” became “year 1, quarter 3.” Company number and game 
" number serve no purpose in the main part of the report, and have there- 
fore been omittcd, 
Annual Report. In conjunction with P2 (Figure 2), an annual report . 
was manually posted every fourth period on a bulletin board for use by 
the players. It included data for all companies on total assets and units of 
plant capacity. P3 (Figure 3), in turn, computed the necessary information 

every fourth period and listed it directly on the sheet given each team. 
Interestingly enough, this required a considerable change in the program, 
which may be explained as follows: In order to obtain the information for 
the annual statements, it is necessary to compute all the performance report 
quantities (which are shown on the present form in the statement of assets, 
income statement, and market information report) for each of the com- 
panies. In P2, these quantities could be punched out for listing as soon as 
computed; however, to have results for all companies appear on the report 
for, say, company: 1, it is necessary to store all the quantities for all the 
_ -companies on the drum before the’ first card is punched. Such changes _ 
_ have added considerably to the amount of Eporary storage used by the . 
program.. 
P4, with no further difficulty, provides an even better report. Included 
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. are monetary value of cash, capacity, and inventory for each company. 


The 650 automatically prepares this report at the end of each fourth 
quarter; otherwise, this section of the form is left blank.” 

The difference between P3 and-P4 is, in fact,- purely a difference in 
information. pattern. The report’ form now in use, which shows obvious 


improvement both in the particular information listed and in its arrange-. ~ 


ment, is similar to that commonly used. in the business world. Its greater 
clarity has made it easier for the players to trust that the computations and 
relationships are correct and, as directed, to concentrate on the game. 


TAZ PROCESSING CYCLE ge TE a Ona 

A triple report form is used: One.copy goes to the control desk and 
key-punch operator, the second is retained ‘by the players, and the third is 
available for the chartingroom. =e 

The control desk codes the eight decisions made by each company and 
enters them as digits on the proper lines in the lower right-hand corner of 
the form. These eight decision digits follow, the four identification digits— 
company, year and quarter, and game—which have been listed by the 
computer. All 12 are key-punched into‘the first 12 columns of a card, the 
key punch simultaneously punching, holes and printing the digits on the 
top margin of the card. The printed digits on each company’s card are 
visually checked against the report form. Key verifying, the usual method 
of verifying key punching, is not called for here because of the small 
volume involved. aa oo 

The 650, through interlocks, will stop ‘and hold if it is asked to read a 
ecard when none is in the read feed. Normally, between processing cycles 
it is always holding on a “read” instruction, since it has been programmed 
to return to such an instruction automatically ‘after punching the results 
from the previous processing cycle, Thus the key-punched cards need only 
be fed into the 533 and the computing begins. 

Each company’s decisions from last time are in storage on the drum, 
and the decisions for this period are obtained by using the decision codes 
on the card and the appropriate decision constants. After all the decisions 
for the company have been converted from decision codes to actual quan- 
tities, the funds check is made.to see’ that no team has allocated too much 
cash. 

When all the cards have been read, the 650 computes the results and 
punches 27 cards for each company. The. first 26 cards correspond to the 
26: lines on the listing; the last card contains certain information needed 


for restarting, which—although fed through the A407 with the rest—is not 
listed. These. output cards contain the same identification number—that is, 
company, year and:quarter, and game-~as the input cards (columns 1-4). 


In addition, a serial number is punched into columns 79 and 80. Columns 
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97 and 78 contain various codes for control of the 407, and the remaining 
72 columns are divided into nine eight-digit fields corresponding to the 
nine fields, or columns, on thé report returned to the players. - 

An interesting variation of this procedure occurred during the play at 
the New York press conference on May 2, 1957. A 650 had been installed 
at AMA Headquarters for the. play: In addition, a pair of IBM Data 
Transceivers allowed punched cards to: be. sent from AMA to the IBM 
Data Processing Center, and vice versa. During the game, all the players’ 
decisions were transceived. and processed on a 650 in the Center at the 
same time that they were being processed at the conference. The results, 
which, of course, were identical, were’ transceived back and forth as desired. 


“CHECKS AGAINST ERROR 


The 650 is a self-checking machine. This means that, when an error is 
made, the machine stops and an indicator lights on the control console. 
Such an error is known as a detected error. In the history of the game, the 
650 has never been known to make an whdetected error. : 

While detected errors may be few, they must—and this is a fundamental 
principle of electronic computing—be. planned for. It is necessary, for one 
thing, to have some method of restarting the computations. For this reason 
_ P3 and P4 contain built-in restart procedures; that is, the program is de- 

signed to permit backing up to a previous stage in the computations. 

It sometimes happens, however, that one does not want to resume com- 
putations immediately—after certain types of errors, or, much more sim- 
ply, if one has finished play for the day and wishes to resume play at the 
same point the next day. The accepted method of restarting in this situation 
is known as dumping storage. P2 punched out the results for each period; 
then, after these had.been removed from the punch hopper for listing, cer- 
tain quantities in storage would be punched out as a restart deck. Thus the 
restart deck which was obtained with the results for, say, period 17 could 
be used at any time to resume play beginning with period 17. In P3 and 
P4, the output deck itself—that is, the cards which are listed for the report 
—is a restart deck. Certain. quantities that are needed for restarting, but 
are not to appear on the. report, are withheld by means of suitable control- 
panel wiring on the 407. Therefore, given the results for any game, wé can 
always return to any previous period to begin play anew. 

Because ‘of the self-checking feature of the 650, no errors in computa- 
tions will-be.made and no checks need be built into the program. There 
are two checks, however, which guard against. input errors. The program 

“adds up each company’s expenditures and compares the result with the 
total funds available to that company..If too much money has been allo- 
cated by any one team, a special program stop occurs, an indicator light 
comes on, and computations are halted. The group that made the error ~ 
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is notified, new decisions are made, a new card is punched, and. then com- 
putations are resumed, 

A similar check could be used to prevent a company from deciding to 
produce more units than allowed by plant capacity. Instead, the 650 auto- 
matically lists as decision alternates on the report only those production 
levels that are feasible, The spaces on the report which would normally 


contain the “too high” production-level alternates are left blank and so , 


cannot be selected.: 


ADDITIONS TO PROGRAM 

The principal addition to the program has, of course, been marketing 
research information. This is of two types: market information and mar- 

- keting research. _ 

By market information we mean competitors’ share of market, total in- 
dustry marketing expenditure, and total industry research and develop- 
ment expenditure. The first of these was given free (like competitors’ 
prices, which have always been free) as part of P2 (see Figure 2); the 
latter two were not available. With P3 and P4, all must be purchased at a 
specified price. In a real sense, whether or not to purchase this information 
becomes a new decision. | 
Marketing research, which. was added in ‘going f from P2 to P3, permits a 
company to determine what its share of the market would have been if it 
had chosen the maximum marketing expenditure permissible, or the maxi- 
mum price permitted instead of the one chosen. Such information must be 
purchased for a price. At present. the cost, set as a parameter, is half of 1 
per cent of total sales revenue. ; 

Since a set of instructions already existed in P2 for computing share of 
the market on the. basis of price and expenditures for marketing and R&D, - 
it is simply necessary in P3 and P4 for the 650 to replace the actual mar- 
keting or price decision by the corresponding maximum value and repeat 
the same instructions as before. The computation requires only a second or 
two, and the process automatically takes place when a team decides to 
purchase data. If no information is purchased, the corresponding parts of 
the report are left blank. 

The ease of adding marketing research information to the game, without - 
any significant increase in computing time, is an excellent example of the 

advantages ene through the use of a computer. 


INDEPENDENT GAMES . 

The mathematical model, or at least the parameter values presently used, 
assuine that there are-five companies in each.game. Any one company can, 
of course, be made up of as many players as desired. Moreover, many : 
"games, each of approximately five companies, can be played simultaneously. 
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These games. are completely: siieasadant: the same 650 is used, as well as 
the same set of instructions, but the situation is essentially that of separate 
games being played with separate 650’s at different locations. 

P2. allowed for an unlimited number of independent games by means. 
of the restart deck. Obviously, if too many games were being played, one 
might be held up while results were’ computed for one of the others, As- 
sume, however, that only two games are being played, each with approxi- 
__ mately five teams: participating. For game 1, the results of period 7 have 
been computed; for game 2, those of period 4 (in practice, games usually 

run at about the same speed, period for period, but this is not necessary). 
Only one set of drum locations has been set aside for permanent storage; 
thus, when game 1 is ready for period 8, the results for period 4 of game 2 
are still in storage. The restart deck for game 1, period 7, is therefore used, 
and is followed by the decisions for game 1, period 8. To accommodate the 
decisions for game 2, period 5, the restart deck for game 2, period 4 is used, 
and so forth. 

A similar procedure may be adopted with P3 and P4. Here the restart 
deck, as mentioned earlier, is merely the output deck used for listing. P3 
and P4, however, have been designed ‘to allow for the simultaneous playing 
of two games, without a restart deck, by. using: separate storage locations 

for each game. A maximum of three games is possible; to play more than 
three at the same time would require using the restart procedure. 

Moreover, with the present program, P4, the total number of companies 
must not exceed 15, and the total number. of companies in any one game 

_ must not exceed 6. 

It is the ability to play many games. cuniltaneoualy which has: resulted 
in the use of all drum locations. After the complete instructions have been 
assigned locations, the remaining part of the drum is fully utilized to allow 
for the maximum number of companies and independent games. Limiting 
the companies to 10 and the games to two would, of course, free locations 
if oy were needed. a 


THE SCALING PROBLEM 


One of the most difficult tasks in programming is that of scaling—that 
is, keeping track of decimal points, deciding how many places to carry in 
‘the computations, where to round off, and so forth. 

In the present program, this has been kept fairly simple. All quantities 
involving dollars and cents are carried out.to the mill in the calculations 
and rounded td the nearest penny for listing. The percentages are carried 
out to three decimal places and rounded to two—that is, to the nearest 
.1/100 of 1 per cent. All other quantities, whether dollars or units, are 
- rounded to the nearest hundred collates or units; in other words, they always 
show two trailing zeros. 
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One extremely interesting problem in rounding did ari 
example, the quantity (ax — bx), which is mathematically 
“(a — b)x, From the machine’s standpoint, however, 
the same..In the game, “ax” might be rounded for listing in One period and 
“bx?” in the next period. The quantity (ax — bx), if hand-computed from 
the two listings, would simply. be the difference of two rounded quantities. 
But the quantity.(a — b)x was computed by the 650 and rounded after the 
subtraction and multiplication, so that an. astute player could discover an 
'. . apparent discrepancy in the report. gs 
"Special care was therefore needed in the Programming—particularly in’ 
connection with net change in total. assets (which should theoretically be 
* identical with the net income) and share of the market—to avoid possible 
distraction during play. 7 
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TOOL FOR RESEARCH 


The computer, as has already been pointed out, is an excellent tool for 
research. In the case of the AMA. game, the results of changes in the 
Parameters can quickly be tested. For example, if it were desirable, a full 
20-period set of actual decisions made by five companies could be run 
through the machine with one set of parameters and then rerun with one 
parameter altered. The total time for a single run would be about 35 min- 
utes. In addition, so-called parametric studies can be made in which the 
‘computer itself reruns the same set of decisions over and Over again, each 
time increasing one parameter by a small amount. , : 

With the machine, too, it is possible to. stop the computations at any 
Stage. This enables the observers to examine intermediate results—-to see, 
for example, as has been done in actual play, whether any of the com- 
Panies are being helped by the “cushions.” oo , 

In summary, the computer has made three. contributions to the develop- 
ment and play of the AMA game: 

1. Accuracy. Error-free Teports are returned to the players, mainly as 
a result of the self-checking features of the 650, but also as a result 
of the precautions taken in the programming and in the over-all. plan. 

2. Simplicity. The speed of computation, the clear, concise reports, and 

the ease of key punching’ made Possible by coding decisions all con- 
tribute to the simplicity. of play. 

3. Flexibility. Through the use of parameters and decision constants, as 

_ well as such other constants as the number of companies playing in 
anyone game, considerable flexibility has been achieved and changes 
may easily be made. 7 

Thus it would appear that an electronic computer is, not only a “must” 
in actual game play, but a highly valuable adjunct to further research and 
development in this field. 


Application of the AMA Game 
; Toward Improved Skill in 
- Executive Decision M. aking 


MA’S PRESENT top management game, and improved models of it, 

have been incorporated into a course in decision making for business 

_ executives planned as the initial activity at the new AMA Academy of 
Advanced Management at Saranac Lake, New York. 

The principal goal of the Saranac activities, as it is now visualized, is to 
provide an internship program designed’to give business managers an 
opportunity to learn by working under competent supervision, much as 
doctors learn by working as hospital interns—to learn, in short, how to 
plan work, assign work, supervise work, appraise work, improve work, and 
motivate people to do their best at work. j 

Fundamental in all these management functions ‘are, of course, the mak- 
ing and the activating of decisions; and. Top Management Decision Simula- 
tion is seen as the most important single tool available for use in teaching 
these skills. : 


THE SIMULATION EXPERIENCE 


The use of a simulation device in the Executive Decision Making Pro- 
gram conforms with established training principles. The game’s major 
contribution to the learning process obviously lies in the actual doing 
——that is, the decision-making process in which each player participates— 
and in the subsequent reflection upon and analysis of what, precisely, has 
taken place. 

In the course of play, the student finds himself cast as a member of top 
"management in a company competing with others for a product market. 
He may be treasurer, controller, vice president, or even president. If he is 
quick at figures, he may be delegated to make the computations involved 
in estimating the results of possible moves (he is given a desk calculator 
for this purpose); or, if he is particularly good at charts and graphs, he 
may be assigned to the task of recording the quarter-by-quarter progress 
of the company and its competitors in an effort to spot trends. 

The continuous task facing this player-learner and his fellow team mem- 
bers is essentially the allocation of limited financial resources to the several 
major business functions, and the setting and implementing of price and 
other market policies, so as to achieve a combination of self-determined 
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"It is-essential that the maximum effort of each team be devoted to thinking in terms of 
basi¢ policies, and that a minimum of effort be spent on inessential calculation. To keep 
the amount of arithmetic work- within bounds, each. team is provided with a desk 
calculator. : 
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" objectives in spite of the actions of their competitors. In brief, they are 
sharing in the making of decisions whose results are determined by. mathe- 
matical formulas based on the same cause-and-effect relationships that are 
found in business. The electronic computer, carrying these formulas in its 
‘memory, acts simply as a mirror; it reflects the interaction of the players’ 
strategies, and—with its. lightning ‘speed—performs the calculations that 
compress 10 years of business activity into two days of playing time, and 
thus enables the players to see, almost instantaneously, the effects their 
decisions would have if actually carried out over a period of months. 

This is the simulation experience that makes possible the guided investi- 
gation of the decision-making function upon which the Executive Decision . 
Making Program is founded. 


THE CRUX OF THE PROCESS 


The major objective of the Program is. to provide realistic situations in 
which the learner can increase his capacity as a business decision maker 
"through increasing his understanding of the decision process and sharpening 

his analytical skills: data collection, evaluation and analysis, situational 
diagnosis, solution alternative development. To this end he progresses 
through a series of game-play situations. which increase in difficulty. Tightly 
integrated with the actual play are pre-play briefing sessions which set the 
stage and accustom the player to the simulation illusion, as well as post- 
play result analysis and group critique meetings in which attention is called 
to details of the action, in accordance. with a shifting focus, through ques- 
tioning by staff discussion leaders and the feeding back of observation data 
on critical events. It is in these critiques that the all-important reflection 
and discussion take place. 7” 

If the AMA game directly duplicated the competitive business situation 
from which all participants come, this much of the process would be suffi- 
cieht—as it is with any system simulation training device where reality is 
duplicated physically and time-wise on a one-for-one, life-size basis. How- 
ever, in this application of competitive simulation, the development of a 
habit pattern of responses to situational cues. inherent in game play would 
be of no value and, indeed, would probably be of considerable harm to one 
whose industry was characterized by different relationships between such 
functional variables as advertising, research and development, and produc- 
tion. Thus the crux of this guided investigation of the decision-making 
process is the detailed answering by the players themselves: What have we 
learned, and how have we learned it? How, in other words, have we dis- 
covered the critical relationships? How have we located additional sources 

of data? How have we uncovered correlations between seemingly unrelated 
items? How have we learned to plan ahead more realistically? How have 
we learned how to make better decisions in this game which is such a 
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realistic simulation of the most difficult and. challenging aspects of the 
executive's business life? It is to this critical determination that all critiques 
and discussions point, and to which the last day of the Program i is devoted. 


REPETITION—ASSOCIATION—INTEREST. 
There are many phases of decision making, having to do with knowledge, 


_ skill, or attitude, which must be adequately covered if the Program objec- 
tive is to be met to the. fullest degree. These include: 


1. The collection of information and its objective evaluation and aaaly 
sis. 
2. The synthiesiaitig of tentative decision alternatives. 
3. The implementation of decisions through operations planning and 
review. 
Proper organization for decision makeing: 
. Contributions to decision ‘making from statistical analysis, opera- - 
tions research, ete. 
6. Minimizing the area of uncertainty. a3 
7. The limiting factors inherent in the sequential nature of business 
decision making. 
8. The importance of functional balance afd internal coordination in 
business decision making. : 
9. Dealing with the necessity of commitment in the face of uncertainty. 
(10. Gaining acceptance and support of the decision by the working 
organization. 


-Cognizance of the need—basic to learning—for repetition, varied asso- 
ciation, and development of interest has been implemented in the develop- 
ment of the Program schedule. In other words, this subject matter is covered 
experientially in game play, highlighted in critique discussions, enlarged 
upon in project sessions (particularly where the primary concern is with 
human factors and organizational interrelationships), and reviewed and 
related back to the larger context of business reality by guest lecturers. 

Let us see, specifically, how this works out in the case of the collection 
of information and its objective evaluation and analysis. This area is,. of 
~ course, an integral part of every game play, The collection of information 
involves first of all a continuing and, at times, changing determination of 
the pertinence and relative importance of different items fed back to the 
. player in the quarterly report. It involves selecting from a mass of factual 
material those specific data which are to be utilized in the formation of the 
next set of decisions—and, incidentally, makes constantly apparent the: 
need for optimizing team manpower through 1 pcan in this and other 
assigned tasks. 

The objective evaluation of data during game play is an ever-present 
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requirement. While the. fed-back data from the computer are not normally 
~ subject to question, other information of an: incomplete and uncertain na-_ 
ture—such as hints, hunches, or guesses about: competitive strategy—must — 
be evaluated before being translated into. ‘decisive -action. Similarly, any 
reports, analyses, or suggestions from team ‘members acting as functional 
specialists must be reviewed objectively, ‘by, those in whom decision au- 
thority rests, before their proper influence and contribution can be deter- 
mined, 
Analysis of data is likewise dehianded: “inroiiehiouk game pia Of primary 

importance in the development of short-range tactics and long-range strat- 
egy is the repeated determination of the relative ‘effects resulting from 
' varying monetary allocations to the different operating functions—produc- 
tion, marketing, research and development, arid’ the like. As game play 
proceeds, participants usually find it desirable to: evolve sets of ratios, 
patterns of performance, data relationship, and other control indices which. 
are utilized to measure the extent to which goals, previously determined, are 
being achieved. Attention must always be paid to the spiced: of risk and 
reward anticipated from various courses of action... 

During the team analysis of results which immediately follows game play, 
opportunity for an intensive filling-in-of the gaps in the total information 
pattern is made available. Naturally most of these gaps refer to competitive 

decision action. In addition to the information which has continuously 
been fed back to the individual team concerning . its own decision choices 
and their effects, that same team is now given data covering the actions 
of all the. other teams. In this way, the scope of evaluation and analysis 
is greatly broadened, and decisions: made. on the basis of incomplete 
factual data or uncertainty can be evaluated in.terms: of total information. 
Indeed, the whole atmosphere of the properly conducted results-analysis © 
session is one of problem solution, identification of both skillful and poor 
play, and consideration of how such an evaluation could be more effectively 
made at the point of action. 

During the later critique session, which i is conducted on an open-forum 
basis, this process is continued, From an: informational-flow or data-collec- 
tion viewpoint, perhaps the most vital part of this meeting is the opportunity 
—available to all—to question other team members regarding critical points 
or episodes remembered from play or discovered during the results-analysis 
session. Moreover, in addition to specific decisions and their effects, under- 
lying purposes and tactical goals can be explored. Thus each team learns, 
from the others, points of competitive play which’ have been effective. 

These sessions, too, are conducted in-a problem-surveying atmosphere 
.which encourages evaluation of one’s ‘own planning, decision implementa- 

- tion, and analysis of results. It is part of’ the staff.conference leader’s func- 
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tion to help the players focus their attention on the more meaningful 
episodes and critical periods—those characterized, for example, by a clash 


of strategies or a too slowly developing ane into cost and market sen- 


sitivities, 
Implementation of decisions through: “operations planning and review is 
handled in similar fashion. Fundamental principles and guides are reviewed 


- by guest lecturers, who also draw upon past plays in indicating the range 


of alternatives available in the game.context for effective long-range predic- 
tion and’ short-term operational budgeting. Corresponding review and con- 
trol techniques which have been previously utilized are discussed. 

Aiter the laying of this groundwork through lectures, the application of 


principles to a specific—if simulated—business situation is carried out in 


workshop or skill sessions, Participant. teams are required first to study 
their prior game experience and then t ‘develop a budgeting or operating 
plan. Next they are brought ‘to a point: of decision that existed in some 
previous game by means of actual quarterly reports that were fed back to 
the original players. Again a period of study and analysis is provided, after 
which each of the teams is directed to lay out an actual plan for the next 


four quarters. Once this has been done by all five, the selected decision 


allocations are fed into the computer fot. the first quarter. Then, when a 
reconciliation has been achieved between actual performance and antici- 
pated results for the first quarter, this process is repeated for the second, 
third, and fourth quarters: The session terminates with an intensive analysis 
of the variances, between plan and performance which is conducted as an 


‘open forum so that there will bea maximum exchanee of information 


between teams. 
In later game plays, this operational planning i is. made mandatory. Thus 


_ the players must utilize their plans under time and competitive stress. 


Typically this both forces and enables them to think ahead, anticipating 
the effects of their decisions and determining how to make those effects 
actually take place through a growing understanding of the dynamic rela- 


tionships upon which the game is constructed. 


Again in the results-analysis and critique sessions, the process of filling 
in informational gaps, sharing mistakes and successes with the other teams, 


_and focusing upon the critical periods in which those mistakes and successes 


occurred enables each participant’ to build (1) an increased awareness of 
the role of planning and review. in the sequential process of competitive 
business decision making and (2) skill in the use. of these aos of effective 


‘management. 


* Ok * 


In summary, the AMA | game is the core around which a framework of 
varied training techniques has been’ constructed: and upon which—for con- 
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crete, mutually shared experience—all depend. With built-in implementation 
- of the sound principles of learning—awareness of need, high motiva- 
tion, keen competition, repetition, varied association, and reinforcement of 
proper response—it is essentially a multi-faceted and continuous situation 
in which learning is facilitated, in which greater understanding of and skill 
in decision making are developed through the efforts of the player-himself, 


Conclusion: Values and Prospects 


ITHOUT question, playing the game is fun, but it is also a great 
. deal more than that. As an early participant put. it, “The game’s 
- great merit lies in reminding the players of the complex, interlocking nature 
of the factors that affect most decisions. Management by rule of thumb is 
no longer possible,” - 

To some executives, the experience “suggests. ideas to consider in their 
own businesses; others feel it provides'a most efficient way of training 
middle management in the problems of obtaining a balanced over-all com- 
pany program. Many comment, too, that: the game: gives each player con- 
siderable insight into just what information—that is, what. data and reports 
—he needs to facilitate his own decision making. 


DYNAMIC CASE-STUDY APPROACH 

Executives. who play the game may criticize certain details of the model. 
All, however, praise the idea of expressing business problems mathe- 
matically, the rapid reporting of results, and the implications for training. 
In short, the AMA game has been greeted as a unique and valuable con- . 
tribution to management development. Why? Because, in .a real sense, it 
offers a dynamic case-study approach to’ the decision-making process. 

To insure a balance of talents and sufficient interaction of viewpoints, 
teams are always composed of both line and staff executives. As one par- 
ticilpant commented, the game is a status-free, decision-making Situation 
that stimulates creativity and an uninhibited interchange among the team 
members.. Its success demonstrates the value of this type of relationship 
_ among top management in day-to-day executive and staff meetings. | 

The “conipany” teams face problems exactly like those top management 
meets in the day-to-day operation of a real business. They are forced to do 
strategic planning, to decide questions like these: Is our company going 
to get out on a limb so far as marketing is concerned? Should we plunge 
on research and development? Should we try for high volume at low margin, 
or turn out a high-quality product at a high price? Are we going to go in» 
for price cutting? What about making. a bid for price leadership? 

Every few minutes they must repeat the decision process of selection, 
analysis, and action. For questions don’t stay answered—every period’s 
_ results change the picture again. The players must be alert to trends, flexible — 
enough to seize an opportunity when it is offered, and adaptable enough to 
switch to a new strategy if the original one doesn’t work out. 
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STRIKING DEGREE OF REALISM 3s a 

‘At present, the game differs, in several ways from real life. For example, 
it does not permit borrowing, new product development, or mergers. 

Nevertheless, the game achieves a striking degree of realism. The player 
_ May not be reminded, says one company president, of “any particular 
consumer goods or industrial goods market, but there is a great similarity . 
between the basic. things you do in. the’game and the results that you get.. 
They may not happen at the time you think they will or they may happen 
a lot quicker than you think they should, but they do seem to happen.” 

The game, most participants agree, - -has great. possibilities for improving 
judgment and reasoning capacity. It ‘teaches the players—emotionally as 
well as rationally—that “flying by the seat of one’s pants” ‘is a risky proce- 
dure in this complex modern age. At the same time; by actually experiencing 
business decision making on a high level, the players can acquire an intui- 
tive feeling for the process that will enable them to act more quickly and 
more efficiently when the need for. decision arises on the job. 

A key value is the broader insight into company problems that the game 
provides. The marketing man begins to see that the money he is spending 
doesn’t just appear out of nowhere; the financial man realizes that some — 
of it comes back again. The need for keeping the company’s operations in 
balance, says stillanother participant, is forcibly demonstrated. 


FUTURE POSSIBILITIES 
The scientific method is sometimes called.‘ ‘common sense.” However, 
it is neither a natural nor an inevitable way of thought. It is one that re- 
quires training and continual practice. The human’ mind does not appear 
‘to take readily to logical processes. It is important, then, in the business 
sphere to practice thinking about the various facets of decision making that 
arise in company operation, with emphasis upon their similarities, their 
differences, and possible methods of dealing with typical problems. This is 
the cue for the introduction of simulation and gaming. 

’ Ultimately these techniques may be developed to the point where they 
can be used to solve basic problems in business. At the. present time, how- | 
ever, AMA’s game does not offer a simple new mechanical tool for making 
correct decisions without the exercise of good business judgment; if it has 
any analytical value, that value has yet to be discovered. But it certainly 
suggests the possibility that simulation someday may have even broader 
uses as a means of mapping out solutions to problems before they arise, 
just as electronic and mathematical techniques now enable us to work out 
our competitors’ actions and reactions in advance and develop an appro- 

priate strategy for handling almost any conceivable business situation. 
Meanwhile, we utilize Top Management Decision Simulation for training 
purposes.’ ey % 
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